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PREFACE. 



SINCE the invention of giinpcwdcr, 
fortification has received various im- 
provements, and many have been the books 
wrote upon this fubjett, which might inchns 
one to think, that it was arrived to its utmolT: 
perfedlion j but upon an impartial furvey of 
moft of the writers, it will be found, if I 
miftake not, that many of them are deficient 
either in theory or praftice, and others bUnd- 
ed by prejudice, fo that there is much room 
left to exercife the genius and excite the in- 
duflry of thofe whofe bufinels leads them to 
this ftudy ; befides, as the art of attacking re- 
ceived feverai improvements in the late wars, 
it fhould follow that the art of fortifying re- 
quires likewife improvements in proportion. 

Not a few authors have proceeded upon 
maxims, fome of which are uncertain, others 
trifling, and they hive often negleiflcd thofe 
which are felf-evident : this together with their 
adopting fome favourite fcheme has retarded 
its progrefs. 

t^'articular care fhould be taken, in tracing 
IS on paper, in order to know whether 
A 3 they 
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PREFACE. 

they are practicable or not ; which has been 
neglected by many, even by fome of thofe who. 
are generally efteemed the beft writers. 

Some think it fuCicient, that they make 
fchemes with a great many outworks upon out- 
works, fo as thefe works defend each orhcr s. 
without confidering whether the town thus 
furrounded is fpacious enough to hold, befides 
tht inhabitants, a garrifon fufEcient to defend 
it : or the expence it would require to main* 
tain them, and I'.kewife the neceflary ftores : 
it is true they never fail to tell you that they 
have fome fccret, which enables them to build 
for half the coft that others do. 

Nct\vithftanding the art of fortifying irre- 
gular places is moft ufeful, yet no author 
whom I know has given the leaft hint or di-. 
redlion whereby to judge of the advantage or 
difadyantagc of the fcveral parts of fuch a 
place : all they have done conlifts in giving 
feme fchemes of their own fancy, and telling 
us no work ought to be made without being 
defended by feme other; not confidering, that 
although the parts defend each other, there 
may be Ibme which are much flronger than 
others. 

For the true art confifts in making an irre- 
gular lortification every where ecpally flrong, 
6 which 
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which they feeme3 to be ignorant "of, or if 
they knew it, they could not diftinguifh the 
ftrong from the weak. 

The commentators on M. Vauban% me- 
thods, who are fo lavifh in his praifes, do 
not n^ention any thing of his way of forti- 
fying irregular places y although he under- 
ftood it better than any one, as appears by 
a great many examples of this kind ; neither 
has any of them fliewn why he made always 
the exterior fide next to a river much longer 
than any other^ as may be feen in the plans of 
Hunningeriy and Sarrelouis; yet it is unque- 
flionabie that a man of fo much experience 
had fome very^good reafons for what he did. 

The very fame miftake is made with re- 
gard to M. Coehorny by thofe who praife him 
to the fkies, on account of his treatife which 
he publiflied before he had acquired that 
great experience, for which he was fo juftly 
f fteemed in his latter years ; and it is an un- 
doubted proof that he himfelf was of the 
fame opinion afterwards, fince he did not 
ufe any of the methods publifhed in his book, 
when he fortified Bergen-op-^zoom and part of 
Manheim: had he left us in writinor that 

o 

knowledge which he acquired by his great 
experience, it would have undoubtedly been 

A 4 worthy 
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PREFACE, 
worthy of fo great a man, and would have-' 
perfetflly juftified the high opinion the world 
conceived of him. 

It will not be improper to mention Da-.i 
niel Speck, who publiihed a book of fortifi- 
cation in the year 1589 at Strajbourg in the 
German language,'' which M. Coeborn has . 
chiefly followed, as may be feen by compar- 
ing their works ; and Dilicbiust who pub-? 
lilhed his Peribologia in the year 1640, at, 
Frankfort on the Main, in German and Latin, 
was tQllowed by M. Vaubau; fmce there is 
nothing in this author, befides his concave 
flanks, but what is to be found in the other. 

Thefe two German authors were undoubt-i. 
cdly the beft in their times, and as it were 
the fou^ntains from which the prefent me- 
thods are derived : the few improvements 
made lince are fufficient proofs of their fkili, 
and at the fame time of the b^rrenncfs of int 
ventipn of thofe fiiice. 

As M. Vauban\ methods are now moft ia 
vogue, and chiefly ufed all over Europe; we 
thought it would not be improper to explain 
them flri!:, and after his, thofe of M. Coe^ 
horn, which arc next in efteem j nnd then 
lay dpwn fome principles, whereby the ad- 
yantage or difadvantage of a fortification may 
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known i after this, we have examined 
methods in each part feparately, and 
nted out their feveral deficiencies, and af- 
Bvards have given ibme of the fame works 
feth proper corre£tions. 
r Then we propofe three different methods, 
which we hope are not altogether to be de- 
fpifed, and which we think might be ufed 
according to the different fituations and im- 
portance of places : this with the CGnftriidliona 
of fome of the mofl: celebrated authors, and 
their examination, finifhes the regular part 
of fortification. 

We begin the irregular, by ihewing how a 
place, that cannot be made regular, may be 
inadefo,as one half may be fimllar and equal 
to the other half? then we enquire which part 
of fuch a fortificiition is ftrongeft and which 
is weaksft ; thele principles, which are dc- 
monftrahle, ferve to judge of the weakeft 
and ftrongeft part of any irregular fortifica- 
tion whatfoever; and for a farther confirma- 
tion of the truth of them, we refer the reader 
to feveral places in Flauders fortified by the 
greateft mafters, and which agree exaftly 
ivith what wc advanced. 

As the greateft ftrcngth of this, and all ma- 
ijnc nations, confifts in traffic, and as forti- 
fied 
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fied places which lie near rivers, lakes, creeksji' 
or the fea, chiefly ferve to pcoted: and promote 
trade, we have dwelled u|>on and explained 
their conftruftions in a more particular man* 
ner, and nothing has been omitted that could 
be thought of^ which might any ways contri- 
bute tor the right underllanding this fubjedt. 

Several examples are given, in order to 
fhew, how and in what manner the reader 
may proceed, if he finds himfelf employed 
in the conftru(3:ion of fuch places ; the fe- 
veral advantages and difadvantages of their 
Situations are carefully examined^ and thofe 
which require lead expence to fortify, and 
are moft convenient in other refpedls, are 
diftinguifhed ; for a further explanation we 
have examined feveral fea -port towns, and 
pointed out thofe which deferv^ to be imita-^ 
ted, and others, which fhoulc^ be avoided j, 
the plan of "Toulon with its harbour is in- 
ferted, as being one of the beft in Europe : 
laftly, we have given the principal conditions 
required in the conftrucStion, of fuch places. 
Having thus far explained the feveral parts of 
irregular fortification, we proceed to (hew 
how citadels are to be joined to places, and the 
faults committed in fojme of the finefl: in Eu^ 
rope arc pointed outj the work concludes with 

the 
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the manner of building forts, where particu- 
lar notice has been taken of the methods ge- 
nerally followed in the building of fuch 
works, near rivers and the fea, and fhewa 
their ill confequences : as this fubjedt is very 
important to this nation, on account of the 
many forts we have and daily build, fo wc 
have endeavoured to point out the moft pro- 
per manner, in which they fhould be made* 

The pr^fent undertaking contains the the- 
oretical part pf fortification only, that which 
relates tp the prad;ice has been treated in 
another. volume; fo that the whole together 
makes a compleat tjeatife of fortification, 
containing all the moft material principles 
jieccfTary to an Englijh engineer. I may 
venture .to fay, that whoever reads it with pro- 
per attention, will find no endeavours have 
^een wanting to explain every thing that is 
jieceiTary in as fliort a compafs as was poflible. 

In this edition, particular care has been, 
taken to enlarge the explanations of the 
conftrudlions and remarks wherever it was 
thought necefiary, in order to fet every thing 
in as clear a light as we could : for nothing 
elfe feem^d to be wanting to compleat the 
work. 

• THE 
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^ R E-A T I S E 

CONTAINING 

The Elementary Part 

OF 

FORTIFICATION. 
SECT. r. 

Of PraBicai Geometry. 

Depi siitions> 

1. TT^XTENSION is diftinguifhed into Pla;eA,J 

V^j lengthy breadth^ and tbkknefs, which 
are called dimenjions. 

2. A line has only leng-th, as AB, 

3. The terms or bounds of a line are called 
■foiots, and have no dimenfions. 

4. A furftice has length and breadth only, 
^ C. 

The bounds of a furface are lines. 

B 5. A 
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ELEMENTS 

5. A fo/id has length, breadth, and I 
nefs, as D. 

The bounds of a folid are furfaces. 

6. A right-lme is the fliorteft that can be 
drawn from one point to another. 

J. Parallel lines are thofe which are every 
where equidiflant, although produced ad infi- 
nitum, as AB, CD. 

8. A plane furf.ice is that which lies 
evenly between its bounds, and agrees with a 
■right line placed on it according to any pofi- 
tion. 

9. The opening of two lines, which meet 
each other in a point, is called an angle, 
as A. • ■ 

N. B. An angle is generally exprefled by 
three letters, as ABC, with the letter exprefs- 
ing the angular point in the middle. 

10. If a line CD meets another line AB, 
fo that the angles CDA, COB, are equal j 
that line CD, is faid to be pcrptndicular to the 
other AB. 

And the equal angles CDA, CDB^' arc^ 
called rigfji angles. 

But if the line is oblique, as DE, the greatJ 
eft angle EDA, is called an okfi/e angle ; an^ 
the leail EDB, an acuie angle. 



OF FORTIFICATION. 

11. A plane furface terminated by three 
right lines, is called a plane triangle. 

12. When the three fides of a triangle are 
equal, it is called'an equilateral triangle, as C. 

13. When only two fides are equal, an 
ijbfceles triangle, as A. 

14. When the three fides are unequal, a 
Jcakne triangle, as B. 

15. When one angle of a triangle is a 
right angle. It is called a right-angled triangle^ 
as D. ' ' 

16. Any one fide of a triangle may be 
called the bafe, and the angular point oppofite 
to the bafe, is called the •vertex. 

17. In a right-angled triangle, the fide op- 
pofite to the right angle, is called the hypo-^ 
thenufe. 

18. A plane of four fides, is called in ge- 
^tieral a quadrilateral figure. 

19. A quadrilateral, whofe four fides are 
qual as well as the four angles, is called a 

are, as A. 

26. If the four angles are equal, and only 
the oppofite fides a reSlangki as B. 

21. If the oppofite angles are only equal, 
and the oppofite fides a parellekgram, as C. 

22. A plane figure of above four fides, is 
called in general a polygon. 

B 2 23. A 
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23. A circle Js a pkne figure bounded 
one continued line ABC called the circum- 
ference, which is every where equally diftant 

from a point O within the circle, called the 
center. 

24. Any line, as AO, drawn from the cen- 
ter to the circumference, is called a radius. 

25. Anyline, as AB, terminating in a circle, 
it called a chord, which divides the circle into 
two parts, ABC, ADB, called 7t'^7Hi?B;'j ; the 
parts of the circumference, terminated by the 
chord, are called arcs, and when the chord 
pafles through the center, it is called a diame~ 
ter^ and divides the circle into two equal parts, 
called Jhnicircles. 

26. Any part of the circle, as AOB, ter- 
minated by two radii and an arc, is called a 

feBor. 

27. The meafure of an angle is the arc de- 
fcribed from the angular point as center with 
any radius, and terminated by the lines which 
form the angle. 

28. A line AT, which touches a circle in 
one point A only, is called a iangent; and fhc 
point A, where it touches, the point of con- 
taSi. 

29. The line CT drawn from the center 
iind terminated by *^^ tang^ent, is called the 

fecant\ 
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^^Lpcant of the arc AM, as AT is called its tan- 
^^K^ent, and the perpendicular PM to the radius 
HBCA the fine, CP the cofin-!, and AP the verfeJ 
^^Jine of that arc, or of the arc BM, its fupple- 
ment to a femi-circle. 

30. A polygon is called regular, when all 
its fides are equal as well as all its angles; and 
irregular, when they are unequal. 

31. A polygon is faid to be infcribed in a 
circle, when all its angles touch the circum- 
ference; and circumjcrlbed about a circle, 
when all its fides touch the circle. 

Polygons are diftinguillied by the number 
of their fides, viz. 



5 Pentagon. 

6 -^xagon. 

7 Eptagon- 
OtSagon. 



Enneagon.i 7^<»/v 
Decagon. 
.-■.Ondecagon. 
Dodecagon, 



Problems ufeful in Fortification. 

I . Ti> draw a line, through a given point C, 
•pendicular to another line AB. 

From the given point C as center, defcribe 

l^n arc with any radius fo as to meet the line 

"AB, in two points E,F, and from tbefe points 

as centers, defcribe two arcs with the fame 

B 3 radius. 
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radiqs, fp as to interfe£t each other at Dj theq J 

. the line drawn through this interfeftion anc^ 
the given point C will be the perpendicular 
Required. 

i 2. To draw a Hue, through a given point C, 

; parallel to another line AB. 

From the given point C as center, ^efcribei 
an arc fo as to touch the hne AB, and froii 
any point E in AB as center, defcrlhe anothed 
arc with the fame radius; then the line drawn! 
through the given point C, ib as to touch this ' 
arc, will be the parallel required. 

3. 'to divide a given line AB, into miy num- 
ber of equal parts ^ as Jive. 
' Through the extremity A draw a line AC 
at pleafurc fo as to make any angle with AB, 
and through the other extremity B, draw 
BD parallel to AC: then if froni the point A 
towards C, there be fet oiF as many equal 
parts ,lefs one of any length, on AC, as the 
line AB is to be divided into, and the fame 
thing be done on the Hne BD ; the lines 
which join the oppofite points will divide 
the line AB into the defired number of equal 

parts, ,. , ,; 

, 4. To divide a ^hena^ie ^CU into two equal 
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From the angular point C as center, de- 
ribe an arc with any radius, meeting the legs 
; the angle at A,B: from thefe points as cen- 
rs, defcribe two arcs with the fame radius, 
fo as to interfetft each other at D ; tlieri the 
line drawn through this interfedion and the 
angular point C, will bjfedt the given angle. 

5. Tfl dra'iv a line QK,Jo as to make an angle 
ACB, "With a given line CB, equal to a given 
angle a c b. 

From the points C, c, as centers, defcribe 
two arcs with the fame radius taken at plea- 
fure : make the arc AB equal to the arc a b ; 
and the Ime drawn through the points C, A, 
will make the angle required. 

N. B, Mathematicians fuppofe the circum- 
ierence of a circle to be divided into 360 
equal parts called degrees, each degree divid- 
ed into 60 equal parts called minutes, as like- 
wife each minute into 60 equal parts called 
^^^ieconds. 

^^b Thefe divifions are generally marked on a 

^^brafs femi-circle or a re<5tangular piece of 

ivory, called protraiftor, and ferve either to 

meaftfre any angle by, or to lay down any 

angle on paper. 

Hence a quadrant or the meafures of a 
ripht an^le is 90 degrees, as being the fourth 

kB 4 part 
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part of the circumference j a femi-circle oj 
the meafure of two right angles i8o; and be- 
caufe the three angles of a triangle being equal 



to two right ones, each of the ; 
equilateral triangle, is c 



} 

al 
an 
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one third of i8o 
is, 60 degrees, or the fixth part of the whoR 
circumference. 

6. To biJcSi a line AB, by a perpendkuh 
to it. 

From the extremities A, B, as centers, de- 
fcribe arcs on both fides of tliat line, with any 
radius, fo as to Jnterfeift, each other at D, and 
Ei then the line DF will be perpendiculir 
to and bifeft AB. 

7. To J.Jcrihe the circumference cf a cirttei 
through three given points A, B, C. 

Join thcfc points by two lines AB, BC 
bifetfl thefe lines by the perpendiculars DO, 
EO i then their interferon O, will be thc^; 
center of the circle delired. 

^. To infcrihe ajquare in a circle. 

Draw the diameter AB, to which draw the 
diameter CD perpendicular; tlien the lines 
joining the extremities of thelc diameters will 
be the fquare ABCD required. 

If the quadrant AC be bifeifted in E» the 
chord AE or EC will be the fide of an odta^ 
gon, infcrjbed in the circle. 
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9. To infcribe a pentagon or a decagon m a 
circle. 

Draw the radius DC at right angles to the 
diameter AB, bifedt AC in E, and from the 
point E as center, defcrlbe an arc through 
the point D meeting the diameter AB in F, 
draw DFi then will DF be the fide of the 
pentagon, and CF that of the decagon in- 
Icribed in the circle. 

10. 7o infcribe an exagon in a circle. 
Take the radius AG and carry it round the 

circumference, and you will have the exagon 
required. 

If 'the arc AB be bifectcd at D, the chord 
of the arc AD or DB, will be the fide of a 
dodecagon infcrlbed in the circle. 

N. B. The eptagon, ennqagon, and onde- 
cagon, cannot be geometrically infcribed in a 
circle; for which reafon we (liall give mecha- 
nical conftrudtions of them, which are fuffi- 
ciently exaft for pradice. . 

tit To iqfcribe an eptagon in a circle. 

From any point A in the circumference as 
center, defcribe an arc through the center O, 
meeting the circumference in B and C; draw 
CB and the radius AG; then the half BD or 
DC of BC will be the fide of an eptagon 
nearly. 

12. To 
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12. 'To infcrihe .an emeagon in a uirck. 
Carry the radius from A to B, and divide 

the arc AB into three equal parts, by repeated 
-trials; and let, A a be two thirds of ABj then 
the chord A a, will be the fide of the ennea- 
gon exaiitly, if A a is exadly two thirds of 
AB. 

13. 7(? mfirihe-an-ondecagonin a circle. 
Draw the radius CD, perpendicular to the 

diameter AB; from the extremity B as center, 
defcribe an arc through the point D, meeting 

- the diameter in E> at E eredl a perpendicular 
EF, to the diameter, or draw EF parallel to 

- CD, meeting the circumference in F; then if 
-the arc AF be bifeded in G, the chord of 

AG or GF will- be the fide of the oiidecagon 

■■reqaired. 

' 1 4. tTo infcribs a polygon in a ctrck, fo that 

'•itijides Jhall he ef <i given length. 

Infcfibe a fimilar polygon, that is, one of 
the fame number of fides, in any circle by the 
foregoing problems; and let AB be one of 
thofe fides, which produce to C fo as BC be 

■ equal to the given fide, and draw CD parallel 1 

■ to the radius OB, till it meets the radius OA , 
produced at D ; then OD- will be the radiu 
of the circle required. 
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This problejn ts eafier folved by means of 
fefl:6r,in this manner. On the inner edge 
a line marked polygon, whofe numbers an-. 
fwer from a fquarc or pentagon to a dodeca- 
gon ; you take the length of the fide of the 
polygon Which is to be infcribed in a circle, 
between the points^'of your compafs ; tind fet 
one point upon the number of the fides on 
the feCtor, and open the fcdtor fo as the other 
point of the conipafs meets the fame number 
on the other leg of the fedor ; then keeping 
le fedor thus open, you take the opening 
'from 6 -to 6 on the feiftor between the points 
of your compafs, and that will be the ladius 
4)f the circle wanted. 



■ DeF INITIONS. 

The angle ABC made by any two conti- 
uous fides of a polygon, is called the ung/e of 
^Be poiygom and the angle AOB made by two 
lidii drawn to the extremities of the fame 
' of" a: polygon, is called the angle of the 
tfter. 
The angle of the center of a regular poly- 
is :fbnnd, by dividing 360 degrees by the 
fcumber of the fides: thus 360 divided by 5 
pves 72 degrees for the angle of the center 

of 
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Of the. msafures and fcales ufed in 
Fortification, 

The French make ufe of a meafure called a, 
toife, which is fix feet, and therefore, is what 
we call a fathom here in 'England. 

The Dutch, and mofl. of the Germans, 
make ufe of the Rh'mland rod, which is 12 
Rhinland feet. 

The French royal foot is to the Englijb 
foot, as 1 1 4 to 1 07,, or as 1 6 to J 5 nearly, ia 
ftnaller numbers. 

The Rhinland foot is to the French foot, 
as 1033 to 1068, or as 29 to 30 nearly, la 
fmaller numbers ; and therefore, half the 
Rhinland rod is to a French toife, as 29 to 30 
nearly. 

As we propofed to give Mr. Vaubans coq- 
ftru<ftions, with thofe of the mofl: celebrated 
authors of that nation, we (hall ufe the word 
toUes in this work, as being more convenient 
for underftanding their methods than that of 
fathom; the valuation of the French into Eng- 
lyh meafure, may be cafiiy made by the pro- 
portion given above. 

When a plan of a fortification is to be 
, drawn, which is to be executed, it will be 
I con- 
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convenient to have a fcale divided into eqi 
parts; as for example, an inch divided int( 
20, 25, 30, 35, 40, 45, 50, 55, 60: then that 
of 40 to an inch ia to be ufed in this cafe, in 
order to exprefs fevery part diftindly, wjiich 
cannot ib well be done upon a fmaller one. 

When a pl?.n is to be drawn upon any othei" 
occafion, any other fcale will do, which may 
be greater or lefs, according as it is thought 
moft convenient. 

The profiles are generally drawn upon a 
fcale of thirty feet to an inch ; becaufe they 
are to exprefs the heights of the different 
parts, which cannot fo well be done upon a 
leffer. 

-Jf a fcale ready divjded cannot be had, or 
fuch a one as may be wanted upon a parti- 
cular occafion, there muft.be one made on 
ilrong paper, by the help of the third pro- 
blem. 

Co/ours ufed in the drawings of Forti-^ 
f cations. 

It is necefiary to u!e colours in the draw- 
ings of plans 2.rA profiles of a fortification, in 
grder to diftinguifh every particular part, and 
feparate, as it were, the one from the other, 
2 ■ io 
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to make their difference more fenfible. 
manner of ufing colours, is called colour- 



The firft and moft neceffary thing required 
in drawing, is Indian ink ; for it fsrves, in 
drawing the lines, to exprefs hills or rifing 
grounds, and in fliort, for all what is called 
fliading ill drawings. 

There are fix different forts of colours, ge- 
nerally ufcd ift thefc kinds of drawings, viz. 
carmine, verdegreafc, fap-greeji, gum-bouch, in~, 
digo, and umber. ^ 

The beft fort of Indian ink is of a bluiib 
black, foft, and eafily reduced into a liquid, 
free from fand or gravel ; it is fold in flicks 
at various prices, according to its goodnefi and 
quantity. 

The manner of liquefying it, is by putting 
a little clear water into a ihell or tea-cup, and 
rubbing it gently till the water is black, and 
of a confiftence much like common ink; whcii 
it is ufed for drawing lines, it mull be made 
very black, though not too thick, otherwife 
it Will not eafily flow out of the drawing pen: 
but when it is for fhading, it mufl: be pale, fo 
as to go over the fame ihade feveral times, 
which will make it look much finer and fofter 
than if it was done at once. _,; 

Carmine 
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Caiminc is in powder, and the fineft rei 
wc fcaow of J it icrvii for colouring the feC' 
tions cf maibnry, the phns of houfes, and 
oiher ^buildings; as likewile their elevationj;, 
but is then made of a paler colour. 

This colour is alfo ufcd for drawing red 
Kncs in phns, to rcprefent walls: it is very 
d«r, being gencrilly a guinea an ounce, but 
a Hltlc goes a great way. 

The verdegrcafe ufetf in drawings, which is 
comn^only called fta-^reen, is liquid, and fold 
in little vials at a fmall price; it ferves to co- 
lour wet ditches, rivers, feas, and in general 
10 reprefent all watery places. 

Sap-green is in Hone, of a yellowifh green, 
when litjucfied with clear \vater; but when it' 
i« ini«t with fomc fca-green, ^t makes a fine 
grafs green i as all mixt colours are liable to 
wdr» it' vcfitirii can be had, it will be mucl 
hcUcr i Clp-grccn is very cheap, for a triflej 
iHK may have as much as will ferve a greaj 
while, 

(lum-Umch, is a fine yellow in ftones, ani 
I (calonablc i it ferves to colour all pra- 

Hi t't' Mfwks 1 as likcwife to diftingui(h thi 

ytwk'> uut\iulh(Nl from thofc that are fo. 
^yv« aIW tw vviour the trenches of an at- 
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This colour is prepared, by taking water 
in a hair pencil, and rubbing it gently, then 
putting it in , a fhell, and this is repeated till 
the 'colour is as ftrong as is neceffary* 

Indigo is in fmall cakes^ and very cheap 5 
it ierves to colour iron and roofs of buildings, 
which are covered with flates : it muft be well 
ground upon a fmooth ftone or glafs, and then 
inixt with a little gum- water* 
! If the . fea- green is too pale, by mixing a 
little indigo with it, it will make a fine bluifli 
colour. 

Umber is a yellowifh brown colour in pow- 
der ; when it is mixt with guni-water, it 
ferves to colour dry ditches, fand, and all things 
of earth* By mixing a little red ink with it, 
it ^viIl alfo make ,a wood colour. If fome to- 
bacco leaves are fteept'in clear v/ater for fome 
hours, and filtered through a woollen cloth, 
or brown paper, with a little red ink mixt in 
it, it makes the beft earth or wood colour, as 
lying fmoother than any other. 

In drawing encampments, it is necefTary to 
have a fine Wue, to reprefent the colour of' 
blue cloth ; /ma/t, fold in fhells at a fmall 
price, is very good for that purpofe, or elfe 
[ Frujfi'an blue, well ground and mixt with a 
little gum-water. 

C Gum-* 
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Gum-water is beft when it is made fomc 
time before it is ufed; for which reafon, 
take fome gum-arabic, and fteep it in clear 
water for fome hours till it is diflblved ^ 
then firain it through a woollen cloth or 
brown paper, and preferve it in a vial, well 
flopped, that no dirt can come into it, till it 
is wanted. 



S E C T I O N II. 

Of regular Fortification. 

Fortification, is the art of inclofing towns 
with works in fuch a manner, as that a 
fmall number of men may refift, for fome time, 
a con fide rable army. 

The attack of a place, is the art of making 
and conducing all the different works in a 
fiege, in order to become mafter of the place. 

And the defence of a place, is the art 
of defending a town befieged, with all the 
advantages that the fortification will admit 
of. 

The art of fortification may be difi:inguifhed 
into two parts, ^72?. the elementary or theore- 
tical, and practical. 

4 ^ The 
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"The elementary part confifts In tracing the 
plans and profiles of a fortification on paper, 
with fcaies and compafles ; and to examine 
the fyftems propofed by different authors, 
in order to difcover their advantages and dif- 
advantages. 

And the praftical part confifts in forming 
a projeift of a fortification, according to tha 
nature of the ground and other neceflary cir- 
cumftances, to trace it on the ground, and to 
execute the projeft, together with all the mi- 
litary buildinge, fuch as magazines, ftorehoufesj 
bridges, &c. 

It is the elementary part which we propofe 
to treat of in this work, refcrving the other 
for a fecond volume, which we ftiall divide , 
into regular and irregular fortification ; but 
before we enter any farther upon tlie fubjedt, 
it will not be difagreeable to beginners to fay 
fomething concerning the rife and progrefs of 
fortification. 

The origin and rife of fortification is un- 
doubtedly owing to the degeneracy of man- 
kind ; for in the firft ages of the world, men 
were diipcrfed up and down the countries in 
feparate families, as we are told in the hifto- 
ries of the Jews and Scythians, who wandered 
im one place to another for the fake of find- 
C2 ing 
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ing pafhirc for their cattle. Thefe families 
became in time fb numerous as to forai large 
communities, which fettled altogether in a 
place ; from whence villages and towns had 
their origin and rife ; but they found it was 
neceiiar/, for the common fecurity, to fur- 
round thofe towns with walls and ditches, 
to prevent all violences, and fudJsn furprizes 
frcni their neigbbcurs. This was fufficient 
for feme time, till oftenfive weapons were 
invented, and conquering became a fafhion ; 
then walls with loop-holes were made at pro- 
per diftances, in order to fcreen the defenders 
againft the arrov/s of the allailants ; but find- 
ing that as foon as the enemy got once clofe 
to the walls, they could from no part be dif- 
covered or repulfed; for this reafon they 
added fquare towers at proper diftances from 
each other, fo that every part of the wall 
might be defended by the adjacent fides of the 
towers. However, this manner of inclofing 
of towns was found to be imperfecft, becaufe 
there remained ftili one of the faces of the 
towers which fronted the field that could not 
be feen from any other part, and therefore 
could not be defended. To remedy this, 
they made the towers round inftead of fquare, 
igining this figure to be the ftrongeft to refift 

the 
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the battering engines, as likewife to be better 
defended from the other parts of the wall. 

Notwithftanding the fuperiority of this 
method above the former, there remained yet 
a part of thefe towers unfeen and uncapable 
to be defended; which made them change 
the figure of the towers again -, that is, they 
made them fquares as before ; but inftead of 
prefenting a face to the field as formerly, 
they prefented an angle ; by this means they 
efFedually found out fuch a difpofition of 
their works, that no part could be attacked 
without being feen or defended by fome other 
part. 

This lafl method was in ufe a long while, 
and would in all appearance have continued ' 
to this day, if 'gunpowder had not been found 
out : but the violence of the guns and mor- 
tars foon convinced the world, that fuch 
towers and walls were but a weak defence 
againfl thefe thundering engines; and befides, 
as the nature of the attack was entirely chang- 
ed, it was a|fo neceflary to change that of for- 
tifying likewife. 

From that time, ramparts were added to 
the walls, the towers enlarged into baflions, 
and all forts of outworks have been added, 
fuch as ravelins, counterguards, horn and 

C 3 crown-^ 
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crown- works, and others of the like nature, 
in order to render the defence in fome mea- 
fure equivalent to the attack, 

Notwithftanding all the improvements 
which have been made in the art of fortifying 
fince the invention of gunpowder, that of at- 
tacking is ftill fuperior to it, . Engineers have 
tried in vain to render the advantages of a for- 
tification equal to thofe of the attack ; the fu^ 
periority of the befiegers fire, together with the 
greater number of men, obliges generally, 
fooner or later, the befieged to fubmit. 

The greateft improvement made in the art 

' of attacking happened in the year 1697, when 
M- Vauban made firft ufe of ricochet firing at 

the fiege of Athy whereby the befieged, placed 

behind the parapets, were as much expofed^ 

to the fire of the befiegers, as if there had been 

none 3 whereas, before, they had been fecurc 

as long as the parapet was not demolished ; 

and the v/orft is, that there can be no remedy 

found to prevent this enfilading, without fall- 

• ing into inconvenicncies almofl: as-bad as thofe 

which we endeavour to avoid. 

Although authors, agree as to the general 

form in the pre/ent manner of fortifying, yet 

they moftly diflfer m particular conftruftions 

of the parts ; as it would be both needlefs 

and 
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and fuperfluous to treat of all the different 
methods hitherto propofed, we fhall content . 
ourfelves with explaining thofe only, which 
are moft efteemed by the beft judges, and 
have been moftly put in praftice 5 with add- 
ing obfervations on their perfedlions and im- 
perfedlions, and poiijt out how fome of the 
parts may be improved. 

As M. Vauban had more experience than 
any other engineer whatfoever, and his me- 
thods are moftly ufed all over Europe, we pre- 
fume it will be more advantageous to begin-- 
ners to explain his methods firft ; and then 
thofe of Mr. Coehorrty who, next to M. Vauban ^ 
excelled in this art. 

M. Vauban has given three different methods ; 
the firft is that which has been ufed in the for- 
tifying of moft places ; the fecond was ufed at 
Landau and Befordy chiefly defigned for places 
which have a wall or rampart already ; and the 
third has been applied in the fortifying of New 
Brifachy each of thefe methods will be treated 
of feparately, in their order. 

ConJlruEiion of M. VaubanV Jirji 

Method. 

This method is divided into little, mean, 
and great i the little is chiefly ufed in the 

C 4 con-r 
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AB being bifedted by the perpendicular CD 

f- as before, fet off 30 toifes from C to D, and 

draw the indefinite lines ADG, BDF, in 

which take the parts AE, BH, each equal to 

. 50 toifes ; from the center E defci"ibe an arc 

through the point H, meeting i\D in G, and 

' from the center H defcribe an arc through 

the point E, meeting BD in F j or which 

is the fame, make each of the lines EG, HF, 

equal to the diftance EH ; then the lines 

joining the points A, E, F, G, H, B, will be 

the principal or outline of the front. 

If the fame conftrudlion be performed 
on the other fides of the polygon, you will 
have the principal or outline of the whole 
fortification. 

If, with a radius of 20 toifes, there be 
defcribed circular arcs, from the angular 
points B, A, M, T, and lines are drawn from 
the oppofite angles E, H, &c, fp as to touch 
tbefe arcs, their parts a b, b, c, &c. together 
with thefe arcs, will reprefent the outline 
^f the ditch. , , ' 

N". B. In any other polygon, befides the 
jfxagon, tlie radius cannot be equal to 180 
tbifes; and in that cafe, the radius muft be 
i|)und, fo as to anfwer to a given fide of 1 80 
toifes, by Problem 1 4, 
m \ Defi- 
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Definitions. 

1 . The part FE ALN, is called the bajiion. 

2. AE, iiVL, xkc faces of the bailion. 

3. EF,,LN, the^ix. 

4. FG. the curtain. 

5. FX, the ^cr^^ of the baflicn. 

6. AG, BF, the lines of defence. 

J. ABy the exterior fde cf the polygon. j 

8. CD, the perpendicular. 

9. Any line which divides a work into two \ 
equal parts, is called the capital o^ that work. , 

10. a b c, the counterfcarp of the ditch. 

11. A, M, ih^fanked angles. j 

12. H, E, L, the angles of iht Jhoulder^ 
orfiouldcr only. 

13. G,F,N, the angles of iht fank. 

1 4. Any angle whofe point turns from th< 
place, is called a faliant angle, fuch as A, M ; 
and any angle whofe point turns towards the ; 
place, re-entering angle ^ fuch as b, F, N. 

15. If there be drawn two lines parallel 
to the principal or outline, the one at 3 toife; 
diftance, and the other at 8 from it; the:; 
the fpace y x included between the principaj 

and that* fartheft diftant, is called th; 



\ 



■% 



I 

^ 



OF FORTIFICATION. 27 

And the fpace xx^ contained by the prin- 
cipal line, and that next to it, and which is 
generally ftained black, is called the parapet. 
i6. There is a fine line drawn within 
four feet of the parapet, which expreffes a 
ftep called banquette. 

N. B. All works have a parapet of three 
toifes thick, and a rampart of 8 to ib, be* 
fides their flopes. The rampart is elevated 
more or lefs above the level of the place, 
from 10 to 20 feet, according as the nature 
of the ground ' is, and according to the par- 
ticular conftrudtions of engineers. 

The parapet is a part of the rampart ele- 
vated from 6 to 7! feet above the reft, in 
order to cover the troops, which are drawn 
up there, from the fire of the enemy in a 
iiege ; and the banquette is two or three feet 
higher than the rampart, or about four feet 
lower than the parapet; fo that when the 
troops ftand upon it, they may juft be able 
to fire over the parapet, 

17. The body of the place, is all that 
which is contained within this firft rampart ; 
for which reafon it is often faid to conftrud: 
the body of the place; which means pro- 
perly, the cpnftrudion pf the ballions and , 
curtains, 

18. All 
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J 8. All the works which are conftnidle 
beyond the ditch, before the body of th 
place, are called outworks^ 
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In the firft vertical column are the num 
bers exprcffing the lengths of the- extcrio 
fides from 8o to 260. 
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Jn the fecond, the perpendiculars anfwer- 
ing to thefe fides. 

In the third, the lengths of the faces of 
the baftions ; and in the fourth, the lengths 
of the capitals of the ravelins. 

The forts are moftly, if not always, fquares, 
for which reafon, the perpendiculars are made 
one eighth of the exterior fides ; becaufe, if 
they were more, the gorges of the baftions 
would become too narrow. 

The little fortification, is chiefly defigned 
■ for citadels, and are commonly pentagons ; 
the perpendiculars are made one fevcnth of 
the exterior fide ; the mean is ufed in all 
kinds of fortifications, from an exagon up- 
r wards to any number of fides ; and the great 
is leldom ufed but in an irregular fortifica- 
tion, where there are fome fides that cannot 
be made lefs without much expence ; or ia 
I a town which lies near a great river, where 
the fide next the river is made from 200 
to 260'toifes; and as that fide is lefs expofed 
to be attacked than any other, the perpen- 
dicular is made fhorter, which faves much 
expence. 

The faces of the baftions are all ^ths of 
Ac exterior fides, or nearly fo, becaufe the 
fradions are neglecfted. 

It 
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It may be obferved in general, that in all 
fquares the perpendicular is ^th of the exte- 
rior fide, in all pentagons |th, and in all the 
reft upwards -J^th, 

ConflruEiions of Qrillons and retired 

Flanks. 

f 

Defcribe the front MPQRST as before, 
and divide the flank into three equal parts, 
of which fuppofe S r to be one % from the 
oppofite flanked angle M, draw a line M r, 
in which take the part m r of 5 toifes ; lake 
likewife R n in the line of defence M R, 
produced, equal to ,5 toifes, and join n m, 
upon which as a bafe defcribe the equilateral 
triangle n p m, and from the angle p, oppo- 
fite to the bafe as center, is defcribed . the 
circular flank, n m. 

And if S r be bifefted by the perpendicular, 
1,2, and another be erefted upon the face ST, 
. at S; the interfedlion 2 of thefe two perpen- 
diculars, will be the center of the arc which -^ 
forms the orillon, ^ - 

The orillons are very ufeful in covering ^ 
the retired flanks, which cannot be feen but 
direftly in the front; and as thefe orillons 
are round, they cannot be fo eafily deftroyed 4 

• M j 
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as they would be, if they were of any other 
figure. But for what reafon the retired 
flanks are made of fuch circular arcs as thefe, 
is not poffible to be gueft at ; fince it may 
eafily be proved, as we fhall do in the third 
feifHon, that the flank made upon the chord 
of that arc would be much better, and is at 
the fame time of lefs expence. 

But what is more ftrange, that mofl: en- 
gineers look upon thefe flanks as the beft 
that could have been thought of, and they 
ufe them in all fortifications, which they 
propofe as the beft models : there can be 
given no other reafon of this opinion, than 
the unaccountable fancy, of mankind in ge- 
neralj for novelty; and their indolence to 
receive from others, things for true, rather 
than to inquire whether they be fo or not. 

[ ConJlruEiion of Ravelins or Half-moons. 

Set off^ 5atoifes, from the re-entring angle Big. 2. 
O of .the counterfcarp, on the capital OL of 
the ravelin, or on the perpendicular produced, 
and from the point L draw lines to the 
(boulders A,B ; whofe parts LM, I^N, ter- 
munated by the counterfcarp, will I)e tlie faces 
Mo, ON, the femi'gorges of the ravelin 

lequired. 

This 
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ConJlruBion of l^enailles ^ 

A tenaille is a. work made in the ditch Plate II. 

17' 

before the curtains, the parapet of which is ^*?-*'^'3- 
only 2 or 3 feet higher than the level ground 
of the ravelin* There are three different 
forts: the firftarethofe as in fig. i, which 
are made in the direction of the lines of de- 
fence, leaving a paflage of 3 toifes be- 
tween their extremities and the flanks of the 
baftions, as likewife another of 2 in the 
middle for a bridge of communication to the 
ravelin. 

The fecond foft, are thofe as in fig. 2 ; 
their faces are in the lines of defences, and 
i6 toifes long, befides the palfage of 3 toifes 
between them and the flanks of the ba/l:ions ; 
their flanks are found by defcribing arcs from 
one fhoulder of the tenaille as center through 
the other, on which are fet off i o toifes for ' 
the flanks defired. 

And the third fort, are thofe as in fig. 3 ; 
their faces are 16 toifes, as in the fecond fort^ 
and the flanks are parallel to thofe of the 
baflions. 

The ufe in general of tenailles, is to de- 
fend the bottom of the ditch by a grazing 

D . fire. 



36 THE ELEMENTS 

counterfcarp of the ditch, for one of its faces ; 
the other face PN, is found by making th^ 
femi-gorge TP of 25 toifes; the ditch be- 
fore the lunettes is 1 2 toifcs, the parapet 3 ; 
and the rampart 8 ; as in the ravelin. 

There is fometimes another work made to 
cover the faliant angle of the ravelin, fuchas A, 
called Bonnet J whofe faces are parallel to thofe 
of the ravelin, and when produced bifed: thofe 
of the lunettes; the ditch before it is 10 toifes. 
pj -^ There are likewife lunettes, fuch as D, 
in fig. 5, whofe faces are drawn perpendicular 
to thofe of the ravelin, within a third part 
from the faliant angle ; and their femi-gorges 
are only 20 toifes. 

Thefe . kind of works may, make a good 
defence, and are no very great expence ; 
for as they are fo near the ravelin, the com- 
munication with it is very eafy, and one 
cannot well be maintained, till they are all 
three taken. 

I would have the face PN (fig. B) per- 
pendicular to that of the baftion, which 
v/ou!d then defend it in a direcft manner; 
and if the femi-gorges of the bonnet A wferc 
only 7 or 8 toifes, it would become lefs ex- 
pcnllve, and its ditch and the covert-way 
before it would hz better defended by the : 
lunettes. ' 
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ConfiruEiion of Tenaillons. 

Produce the faces of the ravelin beyond ^^S- ^' 
the counterfcarp of the ditch, at a diftance 
MN of 30 toifes, and take on the counter- 
fcarp of the great ditch, 1 5 toifes from the 
re-entering angle p to q, and draw Nq ; then 
qNMp will be the tenaillon required ; its 
ditch is 1 2 toifes, that is, the fame as that 
of the ravelin.' Sometimes there is made a 
retired battery, in the front of the tenaillons, 
as in fig. B; this battery is 10 toifes from the 
front to which it is parallel, and 1 5 toifes long. 

There are commonly retrenchments made 
in the tenaillons, fuch as. O; their parapets 
are parallel to the fronts MN, or rather per- 
pendicular to the fide Nq, and bifect the 
fide qN ; the ditch before this retrenchment 
is 3 toifes, and there is a banquette before 
the parapet, next to the ditch, of about 8 feet, 
called Berm ; it ferves to prevent the earth 
of the parapet (which feidom has any re- 
vetement) from falling into the ditch. 

It is to be obferved, that the ravelin, be- 
fore which tenaillons are conftructed, muft 
have its faliant angle much greater than the 
former conftrud:ion makes them i oth^rwife 

D3 the ' 
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the faliant angles of the tenaillons become 
too acute, for which reafon we made the 
capital of this ravelin 45 toifes, and the faces 
terminate within 3 toifes of the ihoulders* 

ConftrU&ion of Counter guar ds» 

late III. When the counterguard is placed before 
'^' "' y the ravelin, fet off 40 toifes on the capital . 
of the ravelin from the faliant angle A, to 
the faliant angle B, of the counterguard ; 
and 10 from C to D, on the counterfcarp 
of the ditch. 

When the counterguard is before the 
baftion, fuch as in fig. 2> its faliant angle F,* 
is 50 toifes from the faliant angle E of the 
baftion, and the breadth near the ditch of the ^ 
favelin is 10 toifes as before. 

The ditch before the counterguards is 1 2 
toifes, and its counterfcarp parallel to the 
faces. 

Counterguards are made before tlie ravelin, 
in fome particular occafions only, but are 
frequently conftrufted before the baftions ; 
as covering the flanks .wonderfully welL 
Some authors, as Bhndely and M. Coeh(/rn^ 
will have them much narrower than they are 
here. 



\ 
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ConftruEiion of Hornworh. 

• Produce the ^gpital of the ravelin beyond ^'*S- 3- 
the faliant angle A, at a diftaiice AR of 
about 80 toifes; draw DBE, at right angles 
to AB; in which take.BD, BE, each equal 
to 55 toifes ; and on the exterior fide DE, 
trace a front of a polygon in the fame 
manner as that of the body of the place,, 
making the perpendicular BF 18 toifes ; 
and the faces 30. 

The branches Da, Eb, of the horn work, 
when produced, terminate on the faces of the 
baftions, within 5 toifes of the fhoulders. 
The ditch of the hornwork is 12 toifes, 
and its counterfcarp parallel to the branches ; 
and in the front terminates at the (houlders, 
in the fame manner as the great ditch before - 
the baftions. 

The capital of the ravelin before the front 
of the hornwork is 35 toifes, and the faces 
terminate on the fhoulders, or rather 2 or 
3 toifes beyond them : and the ditch before 
the ravelin is 8 toifes. 

There are fometimes retrenchments made 
within the hornwork, fuch as S, S ; which 
arc conftrufted by erecting perpendiculars to 

D4 the 
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the faces of the ravelins, within 25 toifes of 
their extreniities. This retrenchment, like 
all others, has a parapet turfed only with a 
term of 8 feet before it ; as likewife a ditch 
from 3 to 5 toifes broad, 
g.4. When a horn work is made before the 

baftion ; the diftance DL, of the front from 
the faliant angle of the baftion, is 100 toifes; 
' and the branches terminate on the faces of the 
adjacent ravelins within 5 toifes from their ex- 
tremities ; all the reft is the fame as before. 

ConJiruSiion of Crownworks. 

late IV. From the faliant angle A of the ravelin, as 
^g- ^' a center, defcribe an arc of a circle with a ra- 
dius of about 120 toifes, cujting the capital of 
the ravelin produced at C ; fit)m'the point C, 
fet off the cords CB, CF, each of them equal 
to 110 toifes, and on each of which, as an 
exterior fide, conftruft a front of a polygon 
of the fame dimenfions as in the horn work ; 
that is, the perpendicular fliould be 1 8 toifes, 
the faces 30, and the branches terminate on 
the fciccs of the baftions, within 25 toifes 
of the fhculders. 

The ditch is 1 2 toifes, the capital of the 
ravelin 35, and its ditch 8 j; that is, the fame 
as in the hornwork. 

Some- 
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Sometimes the crownwork is made before Fig. ». 
the baftion, as in fig, 2 5 the arc is defcribed 
from the faliant angle .A, of ihe baftion, with 
a radius of 120 toifes, as before, and the 
branches terminate on the faces of the avljacent 
ravelins, within 25 toifes of their extremities ; 
the reft of the dimenfions and conftruftions 
are the fame as before, 

Hornworks, as well as crownworks, are 
never made, but when a large fpot of ground 
falls beyond the fortification, which might be 
advantageous to an enemy in a fiege, or to co- 
ver fome gate or ent'ance into a town; they 
have notwithftanding been ufed without judg- 
rneht in feveral places, as at Tournayy Ipres^&cc. 
Their advantages and dilad vantages fliall be 
fully difcufled in the third fecflion. 

ConJlruEiion of Covert-ways and 

Glacis. 

Although we have not hitherto mentioned \ » 
the covert-way, neverthelefs, all fortifica- 
tions whatfoevcr have one ; for they are 
efteemed to be one of the moft eflential 
parts of a modern fortification ; and it is 
certain, the taking the Covert -way, when it 
is in a goo^ condition and well defended, is 

generally 
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generally the moft bloody adion of the 
fiege, 
Plate V. After having confl:ru6ted the body of the 
place, and all the outworks which are thought 
neceflary, lines are drawn parallel to the out- 
moft counterfcarps of the ditches, at 6 toifes 
diftant from it ; and the fpace m n m n, in- 
cluded between that line and the counterfcarp, 
will be the covert-way required. 

There is in every re-entering angle of the 
counterfcarp a place of arms, m ; which is 
found by fetting off 20 toifes from the re- 
entering angle a, on both fides from a to b, 
and from a to c ; and from the points b, c, 
as centers, arcs are defcribed with a radius 
c3f 25 toifes, fo as to interfedt each other in d ; 
\ then the lines drawn from this interfedrion to 
the points b, c, will be the faces of the places 
of arpis. 

If lines are drawn, parallel to the lines 
which terminate the covert-way, and the 
places of arms, at 20 toifes diftant from 
them, the fpace x, x, x, between thefe lines 
and thofe which terminate the covert-way, 
will be the glacis. 

At the extremities of the places of arms, 
are traverfes made, fuch as v, v, which ferve 
to inclofe them 3 thefe traverfes are 3 toifes 

thick. 
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thick, and as long as the covert- way is broad, 
and a paffage is cut in the glacis round them, 
of about 6 or 8 feet, in order to have a free 
communication with the reft of the covert- 
way. 

There are alfo traverfes of the fame di- 
menfions before every faUant angle of the 
baftion and outworks, and are in the fame 
direction of the faces of thofe works produced ; 
and the thicknefs lies at the fame fide as the 
parapets. 

The paflages round thefe laft traverfes are 
likewife from 6 to 8 feet wide. 

In each place of. arms are two fally-ports 
z, 7uy which are 10 or 12 feet wide, for the 
troops to fally out ; in time of a fiege they are 
ihut up, with barriers or gates. 

ConJiruEiion of Arrows^ and detached 

Redoubts. 

An arrow is a work made before the 
Pliant angles of the glacis, fuch as A ; it is 
corapofed of a parapet of 3 tdifes thick, and 
\ 40 longi and the ditch before it 5 toifes, 
[ terminating in a flope at both ends. The 
[ communication from the covert-way into 
I -thefe arrows, is 4 or 5 toifes wide, and 

there 
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there is a traverfe r at the entrance of 3 
toifes thick, with a paflage of 6 or 8 feet 
round it, 

A detached redoubt is a kind of work much 
like a ravelin, with flanks placed beyond the 
glacis, fuch as fig. B ; they are made in order 
to occupy fome fpot of ground which might be 
advantageous to the beliegers ; likewife to 
oblige the enemy to open their trenches far- 
ther off than they would do otherwife. 

Tlicir diflance from the covert- way ought 
not to exceed 1 20 toifes, that it may be de- 
fended by mufket-fliot from thence. 

The gorge a b is 40 toifes, the flanks a c, 
b f, which are perpendicular to the gorge, 10, 
and the faces c d, f d, 30; the ditch before 
it is 6 toifes, ending in flopes at both ends; the 
covert-way 4; the branches of the covert-way 
is 42 toifes long, or thereabouts ; the faces of 
the places of arms y, y, which are perpendicu- 
lar to the branches, 10 ; and the other, which 
is parallel to them, 14. 

The communication from the covert-way 
into the redoubt, is 5 or 6 toifes wide ; and 
there is a traverfe made juft at the entrance; \ 
and another in the middle, when it is pretty 
long. The parapets of this communication 
terminate in a flope or glacis. 

If 



1 

• • t 



OF FORTIFICATION. 45 

If thefe redoubts are above 50 toifes diftant 
from the covert- way, the befiegers carry thcit 
trenches round, >and' enter through the gorge ; 
by which the troops that are in them are made 
prifoners of war, if they do not retire betimes : 
to prevent this, fome other outworks fliould 
be made to fupport them. 

* % 

ConfiruEiton of Second Ditches^ and 

Covert'-ways. ) 

When the ground is low, and water to be Plate VL 
found, there is often a ditch of about 10 or 
1 2 toifes made round the glacis ; and oppo- 
fite to the places of arms are conftrucSed lu- 
nettes, beyond the ditch, fuch as D, whofe 
breadth on the counterfcarp of the ditch is 
10 toifes, from b to a, and from c to d, and 
the faces aL, dL, are parallel to thofe of the 
places of arms ; the ditch before them is from 
8 to 10 toifes wide. 

The fecond covert-way is 4 toifes, the 
femi-gorges of the places of arms m about 
1 5, and the faces perpendicular to the coun- 
terfcarp ; the fecond glacis is from 15 to 18 
toifes broad. 

This fecond covert- way has traverfes every 
where, in the fame manner as the firft. 

: Thefe 
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Thefe are nearly all the different outworks, 
which are ufed now-a-days, in the con- 
flriK^tion of places : although they are gene- 
rally ranked among M. Vauban's works, yet 
none are of his invention, except the conflxuc- 
tion of the body of the jplace, and the cir- 
cular flanks ; for all the reft are to be diet 
with in Dilichius Peribologia^ printed at Franks 
ford in 1 640 : and it may be obferved, that 
M. Vauban has chiefly copied this author, as 
Coehorn did Spekel. 

ConfiruSiion of Profiles. 

Plate VII. A profile is the reprefentation of a vertical 
feftion of a work ; it ferves to fhew thofe 
dimenfions which cannot be reprefented in 
plans, and are neceflTary in the building of a 
fortification j they are generally conftrudted 
upon a fcale of 30 feet to an inch. It .would 
be ncedlefs to defcribe all their particular 
dimenfions, fince they are marked in the 
fchcmes ; we Ihall therefore lay down th^ 
principal rules only, given by M. Vauban^ 
on this fubjed:. 

I . Every work ought to be at leaft 6 feet 
l)i*',luM- than that before it, fo that it may 
cyininand thole before it; that is, that the 

garrifon 
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garrifon may fire from all the works ^ at the 
lame time, with great and fmall arms, at 
the befiegers in their approaches: notwith- 
ftanding this fpecious pretence, there are 
ieveral authors, who objed: againft it. For 
they Biy, if you can difcover the enemy from 
all the works, they can difcover by the famp 
reafbn all the works from their batteries ; fo 
that they may deftroy them, without being 
obliged to change their iituation, and thereby 
difmount all the guns of the place before they 
come near it. 

But if all the works were of the fame 
height, thofe within cannot be deftroyed, till 
fuch time that thofe before them are taken ; 
gun^ might be placed in the covert- way 
and outworks to obftrud: the enemy's ap- 
proach, and when they come near the place, 
they might be tranfported into the inner 
works; and as the body of the place would 
be much lower, the expence would be confi- 
derably dilninifhed. 

^ But when works are low, they are eaiily 
enfiladed by the ricochet batteries, which is 
a kind of firing, with a fmall quantity of 
^ powder, by giving the gun an elevation of 
[ 10 or 12 degrees: this might, however, be 
I partly' prevented, by making the parapets 
I • 8 near 
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The feventh plate reprefents in mil 
perfpedtive the profiles of the body of a pla 
the ravelin and eovert-way, which give; 
clear idea of what is meant by a profi 
and from which thofe of all other nJ 
may be eafily conceived. M 
M. Vauban gives in the following ■ 
the dimenfions of walls from lo to 8cjl 
high»from lo to lo feet. fl 
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^ckwork is very good, the thicknefs of the 

rail above may be reduced to 4;- feet or 4 

ily ; but when it is bad if may be increased 

J5I feet, and fotnetimes more. 

\ That the counterforts at the faliant angles 

ould be well braced or bound together. 

r When the ramparts are partly turfed and 

rtly walled, he makes the intervals between 

e centers of the counterforts but 1 5 feet ; 

iuit when they are walled quite up to the top, 

bcfe diftances are i S feet. 

i Thefe dimenfions have been ufed in the 

nftruftions of a great many places, and the 

frails ■ have never failed ; it may however be 

^monftrated, that his low walls are too 

ong, and the high ones too weak ; but this 

fejedt (hall be examined in the fecond book, 

fciere practical fortification is treated of. 

f As M. Vmiban has conflxuited the fore- 

ug tables from praftice and his own obfcr- 

iitions only, and not by the help of theory, 

fcthout which it is impoflible to arrive to 

degree of perfedion ; the dimenfions 

Bbtained therein are moftly erroneous, which 

cd appears by mere infpeftionj for that 

Bvalls of any heights ihould have the fame 

pkncfs at top, is contrary to fenfe and 

Befides, he makes no diHindlion 

E 2 between 
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between ilone and brick walls, although flion 
are fpecifically heavier than bricks, and coa 
(equently need not be made fo ftroog. Fq 
which reafon we have iiiferted tables foi^ 
flone and brick waUs in the fecond volume 
of this work, which treats of the praftio? 
of fortification, deduced from theory and 
the moil approved praiSjce. 

CoTiflruBion of M. Vauban'j fecon^ 
method^ with Tower- hafiions, ac-4 
cording to the plans of Landau and 
Befford: 

This method is adapted to the fortifyina 
of places built already j for which reafon hff 
begins his conftnuftion Inwards, and fortifies 
outwarde, contrary to his odier methods, as 
being more convenient for that purpcfe. 

Let AB be the interior fide of an cxagon 
of 120 toifes, fome authors will have it 130, 
and liiy that they are fo at Landau ; draw 
AC, BD, from the center through the ex- 
tremities of the fides ; fct off 6 toifes from 
A to b, and from B to c j through the points 
b and c, draw lines at right angles to AB. 
ftom the point b fet off 6 toifes to f outwards, 
and 4 from b to d inwards ; and from the 
points 
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nts f, d, draw perpendiculars f r, d 
capital AC J then if r E is made equal to 
r f, the point E will be the faliant angle of 
"the tower baftionj and E fdnhalf that tower. 

t-lf in the capitals, there be taken from the 
Hant angles of the tower baftions, the dif- 
nces EC, FD, each of 40 toifes, the points 
C and D will be the faliant angles of the 
counterguards before the lowers : from the 
points C and D draw the lines of defence 
Cc, Db, to the points where the flanks of 
the towers cut the curtain ; and which fet oiF 
^6 toifes for the faces of the counterguards, 
the flanks are found as in the firft method, 
and likewife the tenailles. 

The ditch before the faliant angles of the 
towers is 6 toifes, and its counterfcarp drawn 
to the extremities of the flanks of the counter- 
guards ; the right line which joins the ends 
of thefe flanks will determine the infide of 
; tenailles. 
he ditch before the counterguards is 12 
5 at the faliant angles, and the counter- 
I is drawn to the oppofite fliouldefs in 
ne manner as in the firft method. 

capital of the ravelin is 45 toifes, 

s, when produced, terminate on thofe 

i counterguards, within 10 toifes of the 

E 3 (houl- 
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(hpulders ; lo toifes are cut off from the facJef^- 
by the flanks which are parallel to the capital 
as ufuaL 

The ditch before the ravelin is lo toifes, 
the covert-way 5, the femi-gorgcs of the 
places of arms li, the faces 17, and the 
glacis 20. 

ConfiruFiion of M. VaubanV third 
method^ according to the plan of 
New-Brifach. 

■ * 

Plate IX. This method is applied to an oftagon, 
whofe exterior, fide AB is 180 toifes, the 
perpendicular CD 30 ; the faces AK/ BL, 
of the counterguards 60 : the flanks LN, 
KM are found by fetting off 22 toifes, as 
chords to the arcs defcribed from the oppofite 
Ihoulders as centers: from the extremities 
of the flanks a line is drawn, which will be 
parallel to the exterior fide AB, meeting the 
capitals AE, BF of the counterguards at G 
zndi H ; this line terminates the infide of the 
tenaille, as likewife the faliant angles G, H 
of the tower baftions. 

if EF be drawn parallel to GH, and at 
9 toifes diftant from it, the interfediqns E,F, 
with the capitals of the counterguards, will 

be 
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If from the points C, D, fig. i , there 1 
fetoff on the lines of defence 14 toifes to ( 
points Y, W i and upon each of the bafes 1 
WK be dercribed an equilateral triangle, 
angles oppoiite to thefe bafes, wili be the < 
ters of the higher flanks YI, WK. 

And if R be the interfeiSion of the 
lines of defence, RM bifedted at S, and 
at Q^i by drawing SQ^^SQR will be half d 
tenaille ; and drawing from the point C, a Im 
parallel to lY, fo as to meet the tower, up 
which the mean flank is defcribed in the i 
manner as the former. 

The parapets of the three flanks, 
thofe of the parts m V, VM, of the towers, 
are 24 feet thick ; the other parts Mr, r n m, 
but 16 i and all the other parapets in general 
are 20 feet. 

There is a wet ditch before the mean flank 
of 6 toifes broad, and another z, behind 
the towers of the fame breadth, over which . 
are made two draw-bridges, parallel to the. J 
higher faces. 3 

The fpace X between the higher and lower ■( 
faces of the baftions is a dry ditch, whofe t 
torn is but 6 inches above the furface of 
water in the wet ditch. 
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chind the lower parapet there is a ban- 
quette of 3 feet, and a rampart of 5 ; and 
under this rampart a ftone gallery, which, 
runs from one end to the other, and is 
divided into feveral apartments, which are 
ihut with doors ; as likewife another, going 
from the faliant angle of the lower faces, to 
that of the higher, with loop-holes from 
diftance to diilance facing the dry ditch ; 
there is likewife a row of palifades placed 
parallel to the higher faces, and at 4 toifes 
diftant from them. 

There are three embrafures in O r, as has 
been faid, to flank the ditch z behind the 
towers ; and two in 10 to flank the dry ditch 
near the higher faces. 

The great ditch is 24 toifes broad ; and 
its counterfcarp parallel to the lower faces of 
the baftions ; .the femi-gorges OL of the ra- 
velin are 29 toifes, and the faces LP, 45 ; the 
dry ditch Y is 16 toifes, the rampart 28 feet, 
and the lower faces a T are parallel to the 
higher ones j the parapet of which is 20, and 
the banquette 3, 

The level ground of the rampart in the 
ravelin near the faliant angle is 20 feet broad, 
for the length of zo toifes from that angle, and 
reft but 1 5. 

In 
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In the gofge of the ravelin is a fmall 
dbubt a, of about 5 feet high, and anderneatiT 
a lodgment of fVones, the walls being i8 inches 
thick at the iides j the roof is made of planks, 
with 3 feet of earth over them. 

There is a dry ditch going from the ex- 
tremities of the faces to the redoubt, and 
round its angle, having a row of palifadcs 
before it, to fccure tlie retreat from the ra- 
velin into this redoubt ; there is likewife an- 
other row going from the extremities of the 
faces, in a round form, turning towards the 
gorge of the ravelin. 

In the dry ditch of the ravelin, within 6 
toifes from the great ditch, is a coffer, and 
a ditch p of 6 toifes before it : this coffer baa 
a wall on both fides, and the roof is planked 
a:nd covered with a foot and a half of eartli j 
above this, is a ftone parapet of 5 feet high, 
wi-ch a banquette behiiid it. 

There runs a covered gallery under the ram- 
part- of the lower faces, and another joining, 
the two faliant angles, together with a row of 
palifades, in 'the fame manner as in the dry 
ditch before the baftions. 

The wet ditch before the ravelin is 1-8 
tc^fes ; the counterguards x, which the au- 
thor calls cover-Jaces, are 25 feet broad, and- 
iH the 






I 



\ 



OF FORTIFICATION. 6% 

jhc ditch before them 14 toifesi the covert- 
way is 12 toifes broad, and the glacis 20: 
the femi-gorges f g, g h, of the places of arms, 
are 2? toifes, afld ^re tak,en from the point g, 
where the brai^ches of the covert- way meet^ 
and the face? f k, h k, are 28 ; within thefe 
places of arms are traverfes of 20 feet thick 
^d j8 toife? long, withia |0 or 12 feet from, 
and p^r^lkl to the faces. 

Thie ftone lodgai;ents b, within the places 
of arms, are found by fetting o£F 12 toifes 
from the. point g, fpf the feoii-gorges, and 
the faces are drawn parallel to thofe gf the 
places of arms. 

At 6 toifes from the places of arms, are cof- 
fers q of 8 feet bro^dt made with planks it 
the fides, and above with a foot of earth Qver 
and before them. 

There are two banquettes all round the 
covert- way, and before the traverfes ; as alfo 
two rows of palifades before the traverfes, one 
of which joins them, and the other goes round 
the covert- way. 

Laftly, the re-entering angles of the coun- 
ter fcarp next to the covert- way are made a 
little round, as, like wife that in the ravelin; 
but the contrary way, that is> they arc made 

hollow. 

2 Con^ 
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ConfiruSiion of M, Coehorn'j feco; 
method. 

The author fuppofes an eptagon, wh 
interior fide is 126 toifes, and the level of the 
ground to be 3 feet above the furface of the 
water. 

Let, therefore, the Interior fide A B of an 
eptagon be 126 toifes, take in the capitals, 
AC, BD, each of 72 toifes ; at the extre- 
mities C, D, make the angles ACE, BDF, 
each of 40 degrees ; and fet off 66 toifes 
for the faces CE, DF of the baftions ^ on 
the interior fide, take AG, BH, each of 30 
toifes, and from the point D, as center, de- 
fcribe an arc through the point G, on which 
fet off a chord of 30 J and on this chord de- 
fcribe the mean flank GI, which is an arc of 
60 degrees. 

Draw a line from the faliant angle D through 
the extremity I of this flank, on which take 
I a of I o toifes ; join a E, on which defcribe 
the orillon as ufual. 

The outline of the higher flank is 13 toifes 
diftant from that of the outline of the mean ; 
this flank is an arc defcribed from the fame 
center as that of the former, the chord of which 
is 40 toifes. 

From 
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From the points G, H, draw the broken 
rts of the curtain perpendicular to the ca- 
pital of the baftion, and make it 9 toifes long ; 
the extremity of the higher flank is terminated 
by the infide line of the parapet of the curtain 
produced. 

The tenallle is found by producing the 
faces of the baftions i o toifes j through the 
extremity of which, an arc is defcribed from 
the oppofite faliant angle of the baftion, as 
center j on this arc is fet oif a chord of 20 
toifes i and this chord ferves to defcribe the 
flank, upon which is an arc of 60 degrees ; the 
curtain is a right line. 

There is a wet ditch before the tenaillcs 
of 10 toifes broad, with two bridges at each 
end, near the orillons ; the one,dire<5lly over 
it, and the other along the faces of tlie 
baftion. 

The dry ditch round the body of the place 
is 20 toifes broad, before the faces of the baf- 
tion to which it is parallel, and the lower ram- 
part KL, 29 feet ; the femi-gorges ML arc 
15 toifes, and the flanks LN, 18, and are dc- 
' fcribed from the faliant angles K of the lower 
L &ces as.centers. 

I The faliant angle of the ravelin Is 125 

I toifes diftant from the curtain of the body 
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of the place, and is 70 degiees j the faces ai 
CO toUes long ; the faces of the redoubt 
are .1 6 toifes diftaot from thofe of the ravdi 
ajid'14 long. 

The wet ditch round the lower faces of 
the ravelin is 24 toifes broad : the work be- 
yond this ditch, which the author calls the 
fecond counterfcarp, is 20, parallel to the 
ditch. 

To find the broken part of this work, 
join the two re-entering angles, m, r; on 
which take m r, of 30 toifes, and draw r t, 
r V parallel to the outline of the counterfcarp, 
each equal to 12 ; fet off 22 from t to s, and 
from V to q J and upon thefe lines as chords 
defcribe the round flanks, which are arcs of 60 
degrees. 

The traverfes in this counterfcarp are drawn 
at 10 toifes from the flanks perpendicular to 
the parapet. 

The redoubt z in the re-entering angles, arfc 
fouml by fetting off 16 toifes from the points 
m to n, for their capitals, and the faces are 
parallel to the broken curtain before them : 
thofe marked y, which are in the faliant angles, 
are found fay producing the counterfcarps of 
the great ditch, and fetting off 12 toifes from 
the points of their interfe£tions for their faces j 

and 
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nd the flanks are drawn parallel to their 
capitals. 

The ditch before this work is 14 tolfesj 
i tx) the covert-way and glacis, they are the 
6me as in the author's firft method. 

ConJiruBion of M. CoehornV third 
method. 
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The author fuppofes an o(ftagon, whofe Pi xiv. 
interior fide AB is no toifes; the lemi- 
prges An, Bm, 21 ; the capitals AC, BD, 
©f the baftions 64; and the faliant angles 85 
Begrees ; the faces CE, DF of the baftions 
54 toifes ; the parts Q^ Qr of the tenaillc 
; the lower flanks, that is, thofe of the 
tenaille, are found by defcribing arcs through 
points s, r, from the oppofite faliant 
■hgles DC, on which are 20 toifes fct off 
BS chords; and thefe chords ferve to defcribe 
■res of 60 degrees upon, for the required 
^anks. 

From the extremities v, t, of thefe flanks, 
ihcs are drawn to the oppofite angles D, C> 
I 6 toifes fet off from v to q ; and upon 
I E the orillon is defcribed as ufual. 
The higher flanks are defcriLied from the 
ne centers, as the lower through the ex- 
F tremities 
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tremlties n, m of the curtain; and theip 
chord is 30 toifes. 

The wet ditch before the body of the 
place is 20 toifes, and its counterfcarp pa-J 
rallcl to the faces of the baftions. 

The capital VW of the detached baftion 
IS 100 toifes i the faces are direfled to the 
feliant angles of the inner baftions j the dry 
ditch behind the lower faces in the detached 
baftions is 20 toifes ; and the higher iaces 
are parallel to the lower, and 3 1 toifes Iflng r 
the towers x, and the ditch before them, are 
made in the ihme manner as in the iirft me- 
thod. To find the flanks, make the femi-. 
gorges Va, Vb, each 38 toifes, and draw 
the chords of thefe flanks parallel to the 
capital VWj and from the extremities of 
the higher faces draw alfo lines to the for- 
mer, upon which the flanks are defcribed as 
ufual. 

The counterfcarp of the ditch before the 
redoubt z, is drawn froiii the extremities of 
the flanks parallel to the faces j and at 6 toifes 
from this, the faces ot the redoubt are drawn ; 
4 toifes of which are cut off for the flanks. 

The ditch before the detached bafl:ion is 
24 toifes i the ravelins, counterguards, covert- 
way, 
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way, and glacis, are the fame here as in the 
firft method. i 

There are little pits or ponds 1, 1> dug be- 
tween the higher and lower curtains, to hold- 
water, in order to prevent the pafling from 
the tenailles to the flanks^ 
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Containing the general Maxims of 
Fortification^ applied In the Remarks - 
on the preceding Authors^ and others 
mentioned hereafter. 

IN learning fortification, with an intention 
to make any fprogrcfs in it, it is not fuf- 
iicient to be capable of drawing lines, and to 
know the names of the diflFerent works ; but 
it is neceflary to be well acquainted with the 
principles or foundation on which the per- 
feftion and imperfedtion of a work depends ; 
to be able to give reafons for what is done, 
and to be in a condition to judge upon good 
grounds, what is good and what is not fo, 
in the various manners of fortifying, by all 
the different authors who have wrote on this 
iiibje^t, 

F 2 There 
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There are three confiderations cfTentially 
required in a good and well-ordered fortifica- 
tion, without any of which it can never an- 
fwer the ends propofed. 

The firft is, the Expence neceflary for 
the building of it : for fhduld that be greater 
than the importance of the place requires, it J 
is plain that fuch a place would be of no ad-J 
vantage. 1 

The fecond is the Number of troops, to 
guard and to. defend it: for if a place fliould 
require fo many, as that the expence, together 
with providing it with artillery, ammunition, ■ 
and {lores, be equal to, or exceed the revenue 
or advantage arifing from fuch a place, it is 
manifeft, that inllead of being an advan- 
tage, it would be a difadvantage, J 

And the third is, the Capacity of th« 
town with regard to the fpace taken up by 
the fortification ; for if it fhould happen that 
the town could not contain a fufficient num- 
ber of troops to defend it, befides the inha- 
bitants, it is evident that it may be taken with 
lefs expence than another of fewer works, 
provided with the fame number of troops j 
and therefore, fuch a fortification will not 
anfwer the ends propofed in fortifying it : St. 
P&i/ij)'s Caftle in Minorca is an inftance of 
6 this 
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his fort i and fuch are M. Coehorn's fyftems, 
[■as we fhall ihew hereafter. 

If the queftion was only to fortify a town 
Fiftrongly, without any other conliderations, 
Ipne might make outworks upon outworks 
f .without end ; but if it is confidered, that a 
Rwhole ftate might be exhaufted in the build- 
ping of one fingle fortification, and which 
would require a whole army to defend it, it 
will eafily appear, that the ftrength and big- 
nefs of a fortified place ought abfolutely to 
[vdepend on the importance it will prove to a 
Ination. 

Befides the general confiderations, there 

tare feveral particular ones ; which are necef- 

-Caty in the well-ordering all the ditFerent parts. 

So as to make the heft defence that can be foe 

U place of thatexpence. 

I. There ought to be no part, but what 
be fcen or defended by fome other ; 
?ifhich in the phrafe of fortification is, all 
larts (hould flank each other reciprocally ; 
or flanking or defending is the fame thing. 
For if there is any part that is not feen or 
rfended, the enemy might approach that 
way under cover, and make themfelves maf- 
)ers of it, without much trouble or lofs. 
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2. The defence of every part fliould bi 

always within the re;ich of mufket-fhot, 
as to be defended both by great and fmal 
fire arms; for if it be only defended 
cannon, the enemy may difmount them by 
the fuperiority of theirs, and then the de-^ 
fence would be dedroyed at once ; whereas*, 
if a work is likewJfe defended by fmall arms^j 
then, if the one is deftroyed, the other will', 
ilill fubfift. 

3. All the defences fhould be as nearly 
direct as poflible ; for it has been found by 
experience, that the foldiers will fire diredly 
before them, without EroubHiig themfclves 
whether they do execution or not ; there are 
other advantages in a dire(5t defence, as w^^ 
fliall prove in the following propofitions. 

4. A fortification fliould be equally ftrong 
on all fides, otherwife the enemy may attack 
it in the weakeft part, whereby its, ftreugth, 
would become ufelcfs. 

In a regular fortification where all fides are 
equally fortified, it cannot happen otherwife 
than to be every where equally firong : but it 
is not fo in the irregular, which requires great 
fkill and knowledge to make a place fo ; and 
no author, that' I knove, has fliewn hpw, 
and in what manner, we are to judge of the 
flrcngtl; 
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ftrength of the feveral parts in fuch a fortifi- 
cation, although they all agree to the import- 
ance of that maxim. 

There are commonly feveral other maxinos 
-given by authors, which, in my opinion^ 
ought rather to be proved, than only ^t- 
ferted. 

Proposition I. 

Of two batteries which have equal fronts, 
that whofe fire is dired: is the moft advan- 
tageous. 

For let AB be an object to be fired a^ Plate xy. 
from the battery CD equal in front; then I - 
fay, that this 'battery CD, which is direftly 
oppofite to AB, is more advantageous than 
any oblique one, as CL, whatfoever. 

For if CD be divided into any number 
of equal parts, fuch as c a, a b, &c. and from 
thefe points perpendiculars are drawn to CD, 
interfecSing CL, in c, d, &c. then, if each - 
qf thefe parts of CD is the fpace neceiTary for 
one gun, or for one man ; it is evident, that 
each of the correfponding parts Cc, cd,of CJ^, 
will like wife be neceiTary for one gun, or for 
one man : from whence i^ refuilts, that there 
^an be no more guns or nicn placed on the 

F 4 oblique 
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oblique battery CL, fo as to fire at the objei 
AB, than on the direft one CD. 

Now becaiife the obhque battery CL Is 
longer, and therefore of more expence than 
the dired: one CD ; and as the troops placet! 
on the battery CL, fire with more uncer- 
tainty, cfpecially when they are in a hurry* 
and in danger, than if they were placed be- 
hind CD, where they only fire diredly for-j. 
ward ; it evidently follows, that the direiffej 
battery CD is more advantageous than any 
oblique one whatfoever. 

]\.B. As the parapets are 3 toifes, or 18 
feet thick, it is not only uncertain, that the 
foldiers in a hurry fire at an objed oMiquely 
fituated, but likewife very difficult and trou- 
blefomc ; fo that befides the advantage of % 
direft defence, mentioned in the lafl propofi-i 
tion, this one is as much effential as any. 

Proposition II, 

If the objeifl AB be a counter-battery, 
the dired battery CD is ftill preferable ta^ 
any oblique one CL whatfoever. 

Let BE be perpendicular to CL produ- 
ced; then the force, whereby a cannon-fliot 
fcptn 
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From the battery AB would ftrike the bat- 
tery CD, is to the force it would ftrike the' 
oblique battery CL, as BL to BE ; or becaufe 
of the fiuiilar triangles BLE, CLD, as CL to 
CD ; that is, reciprocally as the lengths of the 
batteries. 

But the refiftances of the batteries are tc* 
ciprocally as the forces whereby they are 
ftruck, and therefore diredtly as the lengths or 
expences. 

But the refiftances of thefe batteries are 
only at the beginning, as the expences; for 
as foon as the leaft breach is made in the wall, 
they are nearly equal*: befides, if the guns 
of the battery AB fire diredtly, as they eafily 
may, except the battery CL is very oblique, 
the refiftances will be equal from the begin- 
ning ; and as the guns are as eafily difmounted , 
on the oblique battery CL, as on the dired 

one CD, it evidently follows, that the diredt 
battery CD, is more advantageous, than the 
<)blique one CL. 

COROLI^ARY, 

From whence it follows, i"*. that if the pig. 2; 
fire from the battery CD is to be directed 
towards a point k^ the battery CD ought to 

be 
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be an arc of a circle, defcribed from that point 
A, as center. 

• 2% And if the fire from the battery CD 
<is to be dired:ed to a line EF, of a greater 
or lefler extent than the battery, it ought 
again to be an arc of a circle, fuch that the 
radii CA, DA, drawn from its extremities, 
' fball pafs through the extremities E, F of 
the objcfl, and make equal angles there-^ 
M'ith. 

Problem:. 

To determine the fever al parts of a front 

of a fortification. 

jhg. 3. L It is evident, that every part of the 

front AEFGHB, difpofed in the manner 
defcribed before, is feen and defended by 
fome other part, as well as the ditch before 
it; for the flank GH, defends the ditch 
from the perpendicular CD to the face EA 
produced, as well as that face itfelf; the 
flank EF and 'half the curtain, and the flank 
EF defends the other half of the ditch from 
CD to the face HB prqduced, that face the 
flank HG and half the curtain y and confe- 
quently no'part of this front can be approached, 
without being fben and defended by feme other 
part. 

II, The 
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II. The next thing to be confidered, is ther 
length of the lines of defence AG, FB, which 
fonie will have to be within mufket-fhot, and 
others longer; the firft fay, that the principal 
flrength of a fortification confifts in the ufe 
of fmall arms, becaufe the guns fire but 
llowly, are foon difmountcd, and require 
much time to be remounted ; whereas the 
fire from • fmall arms is very brifk, and when 
one man is killed, another takes his place im- 
mediately ; this is anfwered, that cannon does 
greater execution, and requires much trouble 
to make an epaulement to refift their force, 
whereas a moderate epaulemcuit is a fuffi- 
• cient-cover againft fmall arms : befides. When 
the lines of defence are of a fufficient length, 
the feveral parts of the fortification become 
fpacipus and more convenient for placing 
both more guns and men in them ; it alfo 
obliges the enemy to extend their trenches 
much farther, than if thcfe lines were 
ihorter. 

But it IS evident that, although the lines 
of defence are within mufket-fliot, there may 
be placed both fo many men and cannon as 
9re neceffary to defend the works; and the 
works are like wife fpacious enough for all other 
purpofes. 

From • 
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From whence it is concluded, that the 
length of the lines of defence fhould not ex- 
ceed the reach of mulket-fliot, which is conn- 
monly obferved now-a-days ; except when 
the front lies near a great river, and can hardly 
be attacked on that fide, there they are often 
made longer. 

It has been found by experience that a com- 
mon mufket-fhot will hardly kill a man at a 
greater diftance than i6o fathoms Engli/h 
meafure ; and therefore the lines of defence 
ought not to exceed that length when the front 
can be approached. 

III. The length of the faces AE, BH 
fhould be fuch, that the flanks are of a fuf- 
ficient length, and the gorges of the baftions 
not too narrow: they are never made lefs 
than 50 toifes, nor greater than 70, in a for-^ 
tification whofe exterior fide is 180 toifes or 
upwards. 

But as to the length of the perpendicular 
CD, it is no ways determined ; for fome 
engineers make it twice as long as others ; 
they feem indeed to differ from one another 
merely out of contradiftion -, fince none of 
them, that I know of, has given any reafons 
for this practice; although it be plain, that 
the longer this perpendicular is, the greater 

the 
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the flanks will be, and therefore the defence fo 
rnuch the greater likewife. , 

But then the expences increafe alfo In pro- 
portion, and confequently the length of the 
perpendicular fhould be determined accord- 
ing to the expence which a ftate will be ^ 
at, and • according to the importance of the 
place. 

IV. The pofition of the flanks is no more 
certain than the reft, fince almoft all engi- 
neers differ from one another in that refpedl : 
although it is evident that there muft be a 
certain and determined pofition better than any 
other. 

For if their ufe be confidered, the pofi- 
tion will eafily be known, as they are to de- 
fend the ditch before them : and it is a receiv- 
ed maxim in fortification, that the direft de- 
fence is the beft ; and we have proved in the 
two foregoing propofitions, that it has feyeral 
advantages above an oblique one : it follows 
from the corollary after thefe propofitions, 
that the flanks fhould be an arc of a circle 
defcribed from the point of interfeftion, of 
the line of defence and oppofite counter- 
fcarp produced, as center: or, becaufe this 
arc differs but little from its chord, a right 

line which makes equal angles with the 

line 
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ir> ^iitch ar.d covcrt-way would be greater, 
urul the bcae^ers would find lefs- room in 
them ioT batti.ric<* 

The tuccs 01 the lunettes fliould be one 
pcrpcndiCuLir to the face of the ravelin, and 
the ocher to that of the baftion, in order to 
be dcfciivlcvl in a direct manner, which ought 
to be obfcrved in all works, if poflible. 

Some autb*ors objcft againft the lunettes^ 
on account that the ditch, which is defender 
by the ravelin, has no defence left as fix>n a^ 
the ravelin is taken ; but as it is hardly poffi-^ 
ble to take the ravelin without being firi^^ 
marter of the lunettes, their objedlion is 
no confequence; and fhould the befiege 
be imprudeiU enough to pafs by the lunette^ 
without taking them, they muft certainl^^ 
futFer much more than if they had. 

The counter^ruards before the raveliir^ 
arc but fcUlom made ; for a redoubt within 
the ravelin answers the fame purpofe» and 
is Ic IS V \ronnve : but as to thofe before the - 
baiHvM^r>, thvV arc fome of the beft of all 
ouiWiMks, when they are well conftrud:ed; 
I'liuc the enemy cannot pretend to n^ake a 
l)M;Kh in the Iv.ftion, nor deftroy the flanks J 
bili>rc thc\ are mailers of the counterguard ; i 
ind tlf n thiy have not a fufficient ground to ■ 

makc< 
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ftiake batteries in them to ddftroy the ilanks 
end make a breach. 

All tenaillons and counterguards fhould 

have retrenchments, fuch as that markt by 

the letter K, fig. 6, in the fecond plate : for 

by this means their defence becomes much 

more confiderable than without them. This 

the French have done in the counterguards 

lately conftrudted before the baftions at hille^ 

and in the tenaillons at the front, which was 

attackt by Prince 'Eugene and the Duke of, 

Jdarlborough in Queen Anne^ war; when 

-thefe tenaillons made one of the beft defences 

'that ever was known. 

M. Blondely and after him M. Coehorn, 
make their ramparts fo narrow, as to leave 
xio room to place guns upon them ; and this 
is to prevent the befiegers from eredling bat- 
teries there, whereby they will be obliged to 
bring earth from the covert- way, in order 
to deftroy the flanks. But as thefe counter- 
guards are only defended in the front by fmall 
arms, they can make no great refiftance ; 
befides, the befiegers may make a few mines 
under them, and fo blow up as much as 
ifirill difcover the faces and flanks from the 
covert- way ; whereas, if their ramparts are 
7 or 8 toifes broad, they cannot be defl:royed 

G2 by 
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by mines ; and there will neverthelefs not be 
fufficient room to ered batteries in them 
to deftroy the flanks, 

I would chufc to make thefe counterguards 
as high as the baftions thcmfelves, in order 
that the enemy might not difcover the ba* 
ftions but from within the counterguards ; 
by which means the fire of the whole baflion 
would defend the counterguards in fuch a 
manner, as to make it almoft impoflible to 
make any lodgment there. 

The horn and crown works are chiefly- 
made to take away a fpot of ground which 
might be advantageous to the enemy ; to 
cover the gates of a town, or to build ftore- 
houi^es and hofpitals in them. 

The flanks are too fmall, as w^ell as the 
fronts themfelves, and the ditches before the 
branches are too obliquely defended: the 
retrenchments made in them are very good^ 
to retire behind when the work is taken, 
and to difturb the lodgments made there. 

Thefe kind of works ought never to be 
made but upon the above-mentioned occa- 
fions; for their building is very expenfivc 
and cheaper works would be of a much bet- 
ter defence ; notwithftanding M. Vauban has 
too profufely made them, in the fortifica- 
6 tions 



/ 
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tions of Tournay, Ipres^ and in feveral other 
places ; and placed them often fo near each 
other, as would incline one to believe, that 
he rather intended more to terrify an ene- 
my by their number, than to ftrengthen the 
place. 

The covert-way feems to be of a fuffi- 
cient breadth to contain the neceflary troops 
to defend them, and the traverfes are ab- 
folutely neceffary for their defence ; con- 
trary to the opinions of M. Coehorn and 
others ; for without them the covert- way 
may be enfiladed" by the ricochet batteries, 
from one end to the other : befides, when 
the faliant angle is attacked, the befieged 
have a fecure retreat behind them ; and fo 
may be defended to the laft extremity ; ex- 
perience has fufficiently proved their ufeful- 
iic(Sj for at Lijle a traverfe was three times 
taken and retaken. 

M. Vauban invented three different man- 
ners of covering the paiTages round the tra- 
verfes at the faliant angles; the one by cut- 
ting the pafTes out of the glacis, as in plates 
VIII. and IX, the other by making a kind of 
fhoulder before them, and the third in the 
form of the teeth of a faw, which he calls 
en C r email le, fo as the paflage may be (ttn 

G 3 and 
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and defended from behind the traverfe which 
forms the place of arms at the re-entering 
angle ; which is Vindoubtedly preferable to 
the other two, and has been pradtifed in all 
the fortifications built in latter times. 

I am not ignorant that the whole front 
of the covert- way is fometimes attacked at 
once ', in fuch a cafe the traverfes feem to 
be ufelefs ; but as this only happens when 
the garrifon is very weak, or the enemy 
prefumptuous and unfkllful, they generally- 
pay dear for their rajfhnSfs, and feldom can 
maintain their ground. Befides, the befiegers 
may drive the troops out of the covert-way 
with their ricochet batteries, when they are 
as yet far off, fo that it is of no manner of 
ufe after the fecond or third day of the at-^ 
tack ; but to prevent the traverfes being ufe- 
ful to the befiegers in covering them, I w^ould 
chufe to make a fmall m.ine under thern, 
and when they can no longer be defended, 
to blow them up. 

The arrows and detached redoubts are of 
no great expence ; and neverthelefs are very 
good in hindering the enemy from beginning 
their trenches too near, and to difturb them 
in their approaches ; but the redoubts are 
liable to be furrounded by the trenches and 

taken 
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taken by the gorge, if they are not well 
protefted from the covert- way or fome other 

^ outwork ; for which reafon they fhould never 
be farther from the covert-way than about ' 
50 toifes ; and if they were mined fo as to 
be blown up when they can be no longer 
defended, they would aiFord no flicker to 
the enemy when they are taken. 

As to the fecond ditch and covert-way, 
they being works only made of earth, are 
of no great expence, and yet may make a 
very good defence, efpecially when the flope 

' of the firft glacis goes as low as the furface 
of the water ; or when the water can be raifed 
in time of a fiege, fb as to overflow the beft 
part of the firft glacis; it would oblige the 
enemies to bring earth from the fecond gla- 
cis to retrench themfelves upon the firft, 
which would coft them a good deal of time 
and trouble ; and as this muft be done under 
the grazing fire of the covert-way, it could 
not be done without much coft and danger : 

"th^ fecond covert- way fliould be not above 
a foot above the furface of the water in the 
ditch, to oblige the enemy ^ to bring earth 
for making their trenches in it. 

1V[. Vaiiban was fo fenfible of the goodnefs 
of thefe works, that he never failed to make 

G4 ' them 
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them where-ever he found the ground con- 
venient for it ; as may be feen at Sarre Louis^ 
at the city of Liflcy and in other places. 



A 



Remarks on M. V a u b a n 'x fecond 
and third methods. 

The defign of the fecond method is to for- 
tify an old town already inclofed by a ram- 
part ; and it is for that realon that he begins 
within and fortifies outwards, contrary to his 
other methods, as being more convenient in 
this cafe : the tower-baftions are joined to the 
old wall, and have underneath a magazine 
' in the form of a crofs ; all round this maga- 
zine are cafemats, or cellars, to hold both 
men and guns ; thofe in the flanks have each 
an embrafure which opens into the ditch, 
and thofe in the faces have embrafures fo as 
to fire out of one into the other when taken 
by the enemy; and above is a parapet of 12 
feet thick with embrafures, as may be feen 
in plate XI, where a plan and fedtion of a 
tower-baftion is reprefented. 

As thefe towers are almoft a folid bulk 
of mafonry, they muft be of great .expence, 
though their refiftance can be but little 5 for 
it has been found by experience, that the cafe- 
mats 
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mats are but of little ufe, becaufe as foon as 
they have fired once or twice, the fmoak^will 
oblige the defenders to leave them, notv^ith- 
ftanding their fmoak-holes. 

In my opinion, inftead of attacking the 
towers themfelves, the ramparts near the 
flanks of the counterguards may be attacked ^ 
and then the flanks of the to Vers may be 
defl:royed by the guns placed on the flanks 
oppofite to them, which are already made for 
that purpofe, and want nothing elfe but cm- 
brafures. 

It may be concluded, that the flrength 
of thefe towers does by no means anfwer 
their expences, and that if fmall bafl:ions 
were made infl:ead of them, without cafe- 
mats, they would be much better, and of lef$ 
expen-ce. 

As to the counterguards, they are very good, 
and may be defended to the utmofl: extremity 
without expofing the town to he taken by 
ftorm ; but their flanks are too fmall, and are 
cafily deilroyed from the oppofite covert- way ; 
there fhould either be two, or if but one, it 
fliould be pretty large, 

M. Vauban confidering, that as foon as a 
breach was made in the faces of the bafl:ions, 
and the paflage over the ditch finilhed, the 

garrifqn 



THE ELEMENTS 

r^ull :..^'.v rrccced to :he\v the advantages and 
iiii.-.vivar.t^^cs v^r the particular parts. 

V/c :}uil beirin with ih^wine that the ex- 
pence which h;r pretends to be much lefs in 
tiic bvulJii:^^ of this tortihcaiion, than that of 
''tho rV:r;,'> method, is no: fo inconfiderablc 
as he ui:i w; i:'..; rcriii.:dc the world : firft 
th:^ room wiihin for builiings, iz to that 
tikcMi up by the fortification, as one to three 
ncarlv, rathv^r more than lefs : and as he 
makes his inward polygon equal to thit of 
hi. Viitibafis exagon ; and we have founds 
that the inward polygon is to the fpace taken 
up by the fortification, as unity to 1 1 ; the 
fortification of M. Coeb:irns method tikes up 
juft as much ground again as that of M. Vau» 
barij and therefore double the cxpence for re- 
moving the earth ; but then he fays, that 
much lefs maionry is required here than there, 
and it is upon this he grounds his frugality ; 
but it has been four.d bv excerience, that 
works of earth coii as much in time, as thofe 
made of ilone, ov\ account of their continual 
ropairiiv:'; ; fo th;U in the whole it appears, 
i\\\\ M. (.^-c./v.'s cxLi-^on coits more, or at 
IcMii .IS iiuicii cis ?J. /'t;.7J-tf;^'s exagon; then 
il \\- i\Muiii;cr il.c Icwncfs of thefe works, 
it.: I I'.v^w ciiliv r:;:v :--:iv be furprifed, tliev 

wiiL 
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will require at leaft three times the number 
of troops and ammunition to defend them, 
as the French one. 

For when a' place is out of danger from be- 
ing furprifed, there requires but a few troop$ 
to guard the works which are not attacked ; 
whereas, on the contrary, the others muft be 
every where equally guarded ^ otherwifc the 
befiegers may make a (ham attack on one fide 
to draw the befieged that way, and furprifc 
ibme of the works on fome other fide. 

The next thing is to examine whether the 
• different works are conftrud:ed in the beft 
manner : firft, as to the upper and mean flanks, 
they feem to be the only thing the author bor- 
rowed from the French^ and is juft the worft 
of all M. J^aubans works, as we have fhewil 
heretofore : the curtain of the tenaille would 
have been better ftraight than crooked ; the 
towers being but fmall, and a parapet quite 
round them, are very dangerous, and a fair 
mark for throwing (hells, by which there is 
nofecurity for thofe within; the dry ditches 
and lower faces of the baft ions and ravelin 
are cafily enfiladed by the ricochet batteries: 
and the palifades placed in them, to fecure 
a iafe retreat, are very dangerous ; becaufe 
i£ 2L (hot hits them, the fplintcrs will do more 

mif- 
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iftifchief than the fliot Itfelf ; as to the cafe* 
mats in the towers, they are very bad, as we 
have (hewn before, fpeaking of the tower-r 
' baftions ; the ftone galleries made under the 
ramparts of the lower faces of the baftions 
and ravelins, feem to be ufelefs, on account 
of the fmoak, for the fame reafon as all cafe- 
mats are ; and if fome grenadiers go between 
the loop-holes and fling a few grenades into 
them, they muft infallibly deftroy thofe within* 

The redoubt in the gorge of the ravelin is 
of excellent ufe to fecure a fafe retreat to 
the befieged, which is in my opinion of the 
great eft confequence ; for if the troops have 
no retreat, they can never defend a work fo, 
well as they might do other wife. 

The wet dkch before the lodgment and 
the dry ditch of the ravelin, are in a Wrong 
place, fince they are direftly oppofite to the 
ditch before the counterguards ; and thefe 
lodgments themfelves being only a ftone wall, 
are eafily deftroyed by the ricochet batteries. 

Th^ rampart of the counterguards being 
only 28 feet broad, including the parapet, 
they are ealily deftroyed by mines, as we 
have mentioned before, fpeaking of counter- 
guards J no cannon can be placed in them ; 
neither are their ditches defended by cannon, 

except 
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except from the higher faces of the ravelin ; 
and as to the covert-way, it is by much too 
fpacious, ahd liable to be enfiladed from the 
beginning of the fiege, by the ricochet bat- 
teries placed before the firft parallel -, fo that 
of this fpacious work, there are only the 
places of arms which can make a defence; 
the redoubts in the places of arms being in- 
clofed quite round, are dangerous to defend^ 
for a few (hells thrown into them muft in- 
evitably deftroy thofe within, or oblige them 
to quit the work ; and they are contrary to 
the general maxim of fortification, that no 
part whatfoever fliould be fo as not to be 
ieen or flanked by fome other; but here, if 
the enemy gets once pofleflion of thefe re- 
doubts, the walls near the counterfcarp will 
cover them in fuch a manner, as not to be 
ieen from any part of the fortification. 

As to the coflfers made in the glacis, they 
cannot much retard the approaches of the 
enemy, being only defended by fmall arms ; 
fo that a few gabions filled with earth will 
cafily cover the befiegers againft the fire of 
thefe works* 

It is moft certain, that when M. Coehorn 
publiflied his book, he knew nothing of the 
ricochet firing, the invention of which being 

of 
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of later date ; and therefore was not aware of 
the inconveniencies which attend now-a-days 
thefe low works ; otherwife he would never 
have made ufe of them; and it is undoubtedly 
for this reafon, that he never put them in 
prafticc afterwards when he was acquainted 
wi.tli this manner of firing ; the manner of 
fortifying Bergen- op -zoom differs fo little from 
M. Vauban^ fiVfl: method with orillons, that 
I took it for the very fame till I was better 
informed ; and this place is undoubtedly a 
mafter-prece of art. 

The comparing of this method with the 
French exagon, fortified with ravelin and 
coverts way only, is . not juft ; for the one 
takes up twice as much ground, and requires 
;about three times more troops to defend it 
than the other, and therefore there oughr 
to be no more comparifon between them» 
than there is between a place of few works^ 
and another of a great many; but to make 
the comparifon juft, the author fhould have 
compared his exagon with a French one of aa 
equal number of worts. 

M. Coehorns fecond and third methods 
are abfolutely impradicable ; for their forti- 
fication takes up five times as much ground 
as the town ; and therefore the town would 

hardly 
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liardly hold more people, than the num- 
ber of troops required to defend the fortifi- 
cation, befides the ftorc-hoiifes for the pro- 
digious number of artillery and ftores. 

As we have Jhevvn the faults M. Coeborn 
has committed in his works, which he has 
publiihed before he acquired that greatknow- 
Icdge for which he is fo juftly efteemed as 
one of the greateft engineers, juflice requires 
that we fhould likewife mention his extraor- 
dinary ikill £hewn in fortifying Bergen-op- 
zocm; which is one of the heft contrived 
fortifications in all Europe. 

Having thus finiOied our examination of 
the methods of the two moft celebrated au- 
thors, we fhall now proceed to Ihev/. in what 
manner the feveral parts of the body of the 
place are to be conftrufted, fo as to be ca- 
pable of the beft defence, proportionably 
to the cxpence. 

A nsuo ConJlruSlion* 

Let AB be the exterior fide of any length, pi. xv. 

fiippofe 180 toifes ; make the perpendicular P'g-3* 

CD of any length, as the 6th, 5th, or 4th 

. part of die exterior iide, according to the 

^■iwpence or importance of the place : here 

^fc> H 
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:c is :>.vr c.li pxri or 30 toiies, fet off 50 

tciics oi- :i:vTC h.T the laces BH, AE, or 

ni:!Ki ! v r :he exterior fide ; from the 

iali.i;>c i/^.c A J.^i.ribc an arc with the ra- 

oiwis V I . : 2? xiies tha: is, 2 or 3 tolfcshiorc 

iIm V .'^v '".::.• J. >. c; :-ie di:ch ; draw frorn 

_ '.,:... er H a car. j:ent HI to that 

^ • .^t.' .:.^. :'e A th<f indefinite lincL 

\ x ., . , :.^ /:..: •:;::^':ri:: ; then if firom the 

, , \ \. *- .. •..:, ^-i arc a b be defcribed 

. .: , ..*:j ijnk GH is drawn 

•1.* . v,\..: -b: one of the flanks 

X ... : V cchcrs will be found 

,...0: DG, between the 

.. . J i.:^le of the flank, and 

M . \.- .\\,Teinities of all the 

.^v l!jues of defence, as 

' ' > «^- '^ cone, the counter- 

•. . .V ^ < J--:'.vrt rarallel to the 

\^. . >.: >.;:ving the point 

. O, :s iiirar.ce from the 

« 

\ V ).v \: .\:hr, being carried 
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..- 'I .<, wLuch M. Bclidor has 
. .. .V V / .^.d ihc:u RiimS'hornSf are 
-- V-; ^' "' % toiks from the 
I, v' . . K .\ '':.v,a :o the point h, and 

drawing 
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drawing h f perpendicular to the line of de- 
fence ; then its interfedtion f, with the other 
line of defence produced, will be the center 
of the arc h k. 

To confiruB the Ravelin. 

Set off 1 2 or 15 toifes from . the fhoulder 
E to the point r, in the face of the baftion, 
^nd from the angle G of the flanks as center, 
defcribe an arc through the point r, meet-* 
ing the perpendicular CD produced at L ; 
from this point L draw the faces, fo as 
when produced to fall on the faces of the 
baftions within 3 toifes of the fhouiders ; the 
ditch of the ravelin is 12 toifes. 

1*0 confiruEi Retired Flanks. 

Find the flank QR as before, on which 
fet off 5 or 6 toifes for the fhoulder or oril- 
lons 'y and from a point g in the oppofite 
face of the baftion at 5 toifes from the fa- 
liant angle B, draw the brcken part of the 
flank ; then draw the retired flank parallel 
to the lipe QR, at 5 toifes diftant from it : 
the orillon may be made round in the man- 
ner of M. Vaubaris^ if it be thought proper. 

H 2 Remarks 



\ 
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Remarks on this ConfiruEiion. 

This conftrudtion is general, let the exte- 
rior fide AB be whai it will j the flanks make 
equal angles with the line of defence and 
the counterfcarp produced, and ^iierefbre de- 
fend the ditch in the moft direct manner; 
the counterfcarp terminates at the inner an- 
gle of the fhoulder, fo that the gun placed in 
that angle grazes all along the counterfcarp : 
the ravelin is of a due j)roportion, its fe* 
liant angle is neither too narrow nor too open, 
and its faces cover the flank of the baftions 
fufficiently from being feen obliquely. 

The orjilons are made 5 toifes long on- 
ly, which appears to me fuffident for co-^ 
vering the retired flanks, and by making 
them fo, the flanks are larger than if they 
were made 9 toifes, as M. Vanbans : the 
rams-horns have feveral advantages over the 
common teivaiilc.s they cannot be enfiladed, 
leave more room between them and the 
flanks,' fo that thc.ra'nbifli from the flanks 
do not incommode the troops in the rams- 
horns ; and being circular, they fee not only 
the ditch dircftly, but likewifc the level 
ground of the ravelins, and the op polite co- 
vert-way ; they alfo relift the oppofite bat- 
teries 
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the horn-woi k to the Lhant angle A, of the 
ravelin or baition, ihcuLi noc exceed too 
toi'es, otherwil'e the branci;es canajt b^ well 
defended by the cp. oiite faces or the baftions 
or ravehnb; taey liuaid only be ai^out 80, 
as in this figure, 11 it may be done ; the 
front EDF is 120 toil'es; the perpcndicu- 
lar DC one n;th part of the exterior fide,^ 
that is, 24, and the faces 30 ; ana fo in prp- 
portion to the exterior fide: the arc defcribed, 
for finding the pofition of the retired flanks, 
/hould have a radius of 15 toiles, and the 
ditch 12 j that the countericarp of the ditch 
may terminate at the extremity of the orillon, 
which is but 5 toifes long, the flanks are as 
much retired, and made in the fame manner 
as thofe in the body of the place : u'e have 
added rams-horns inftead of tenaiiles, in or- 
der to get as much flank as could be. 

The branches of the horn-work terminate 
on the faces of the bafl:ions within 30 toifes of 
the llioulders, the ditch is 1 2 toifes, the para- 
pet of the horn-work is 12 feet high, as well 
as that of the ravelin^ which is conftrudted 
in the manner defcribed before ; that is, by 
defcribing an arc from the angle of the flank, 
through a point in the faces of the horn-< 
ivork, 12 toifes dillant from the flioulder, 

whofq 
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whofe interfedtion with the ^perpendicular 
CD produced, will give the faliant angle of 
the ravelin ; the faces terminate within 3 
toifes of the flioulder ; the ditch of the ra- 
velin is but 8 toifcs ; the retrenchments S 
are conftruftv-^d by producing the branches, 
and the counterfcarp of the ditch before the 
ravelin, till they meet ; and by fetting off 25 
toifcs on that counterfcarp, for the firll, and 

20 more for the fecond; then if from the. 

• 

point O, as center, arcs are defcribed through 
thefe points, which meeting tlie branches 
will give the other points through which 
the retrenchments pafs ; they are made of 
earth only, their parapets fhoiild be but 9 feet 
higher than the level ground, with a b^rm 
of 6 or 8 feet, and a dry ditch of 4 toifqs 
before them. 

The diftance AB or radius of the arc, 
which pafTes through the points C, B, I) Pig. 2. 
of the crown-work, is 100 toifes, and fhould 
not exceed 120 or 130 at moft; the exterior 
fides B(S, BD are 100 likewife; the perpen- 
diculars 20, that is, one fifth of the exterior 
fides ; the faces 26 ; the radius of the arc, 
which ferves to determine the pofition of the. 
flanks, is 1 5, and the ditch 1 2 ; the branches 
terminate on the faces of the baftions within 

H 4 30 toifes 
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30 toifes of the fhoulders, in the fame man-- 
i^er as thofe of the horn- work; the rave- 
lins are conftruded in like manner as in 
the horn- work; as likewife the retrench- 
ments S, except that the firil is only 20 toi&s 
from the ^eat ditch. 

Remarks on this ConfiruSiion. 

' The branches of thefe works are more di** 

redtly defended by the faces of the baftions, 
than thofe which are usually made ; the 
flanks much larger, and covered by the oril- 
Ions, and tb^ rams-horns added to the flanks, 
make togeHPfr a larger battery than can be 
eredled againft them^ which is a maxim in 
fortification, to be obferved, if poffible ; 
other Wife the flanks are foon defl:royed, the. 
faces become defencelefs, and fo the work 
may eafily be taken. 

It is to be obferved, that there ihould 
be a row of palifades placed in the middle 
of the dry ditches before the retrenphments 
S, and^ the parapets of thefe retrenchments 
ihould be a row of palifades placed about 
3 feet above the berm horizontally^ or ra-* 
ther wirh the points a little downward^, 
that the grenades may roll oiF into tbo 
ditch. 

For, 
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For, if this precaution is not* taken, the 
^nemy might purfue and follow the troops 
which defend thefe works, fo as to enter 
with them into the retrenchments, and there- 
by get mafters of them at the fame tinie the 
horn -work is taken. 

Becaule the retrenchments S making equal 
angles with the branches, and the counter- 
fcarp of the ditch before the ravelin, they will 
defend the level ground before them in the 
moH dired: manner, as we have ihewn in the 
conftrudion of our flanks, and therefore is 
preferable to any other pofition that can be 
given to thefe retrenchments. 

The reader will eafily imagine, that there 
muft be a barrier or gate in the ditch neap 
the branches of the horn or crown- work ; 
likewife a fally port under the parapets, for 
the troops to retire through, when the work . 
is taken. 

ConfiruEiion of a place with detached 

Bajiions. 

As a garrifon leldom or never fufers the 
enemy to make an afTault on the baftions * 
when they are joined to the place, for fear 
of being put to the fword, and the towa 

fackedjj 
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them into the inner works, and fo from, one 
to an. ther, till into the body of. the place} 
for if the guns in the taftions, or counter- 
guards and ravelin, are not difmounted till 
iuch time the covert-way is attacked, it will 
be a difficult matter to get and remain in pof- 
ib ffion of it. 

Ail the objection that can be made againil 
low v/alls, is, that they are eafily enfiladed 
by tiie ricochet batteries ; to avoid which 
the faliant angles of all the works fhould be 
raifcd about 4 feet above the other parts, for 
the fpace of 5 or 6 toifes on each fide y and 
the rampart fhould likewife flope towards 
the place by 2 or 3 feet: this has been 
done by M. Vauban at l^ew Brifach^ and by 
M. Coehorn at Bir^en-op-zoofn ; which being 
the laft places that thefe great men have for- 
tified, is fufficient to determine others to fol- 
low their examples. 

The redoubt p in the place of arms, fhould 
be a wall of three feet thick only, with loop- 
holes, and no higher than the glacis, or 
rather two feet lower, fo that they cannot 
be difcovered but frcm the ridge of the gla- 
cis ; the infide of them may be 2 or 3 feet 
lower than the reft of the covert- way, and 
fo as to flope towards the ditch, that if any 
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grenades or (hells fhould fall into them, they 
might roll into the ditch. - ^ 

The redoubts R in the ravelin ought to 
have a parapet of 12 feet thick only, as be- 
ing fufficient to oblige the eneaiy to raife a 
battery in the ra^velin to deftroy it, which is 
all that is wanted ; they ferve' to retire into 
when the ra ;elin. is taken, and obfl:ru<9: the 
lodgments there ; from whence the troops may 
retire into the body of the place, when they 
can hold out no longer. 

As to the flanks, they are fo difpofed as to ' 
defend the ditch in the beft manner poflible,' 
'and fince the detached baftions are wide and 
fpacious, a third flank may be added, if it is 
thought necefl!ary. 

ConJlruEiton of a place with detached 

Orillon Baft tons. 

Let the fexterior fide AB of an oftagon PLXVIIL 
be 200 toifes, the perpendicular CD 40, that 
is, a fifth part of the exterior fide, the faces 
AE, BF 55 ; the radius of the arc, which 
fcrves to determine the pofition of the flanks, 
22; the ditcii 16 at the faliant angles; the 
orillon 5 ; the flank is retired 5 toifes ; and 
the line k d, which terminates the flanks, \% 

drawn 
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the ditch is defended by large double flanks, 

which will hold more guns than the enemy 

can oppofe ; for we fuppofe the body of the 

place and the detached baftions to be but 3 

feet higher than the glacis, that is, 10 feet 

nbove the level : fo that the flanks cannot be 

difcovered but from the ridge of the glacis ; 

the redoubts V are of fpeciai ufe to retire into 

vrhen the detached baftions are taken, and 

to obftrud; the lodgments there ; and as the 

communication from thefe redoubts into the 

body, of the place cannot be {ccn from any 

part, this fafe retreat is of great advantage; 

for by this means the troops will be able to 

maintain their ground to the laft extremities ; 

neither can the flanks of the inner front be 

difcovered but from the level ground of the 

tenailles, which therefore I would make but 

a foot above the water in the ditch, fo that 

there will not be a fufficient quantity of earth 

' to raife a battery. 

If the flanks and faces of the tenailles 
were arched and open behind, it would be 
much better, for by that means the enfilad- 
ing them would be impoflible, neither would 
the fhells have any efied: upon them; and 
then the upper flanks miglit be made two 

' or three feet lower than the faces, which 

I would 
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would prevent the enfilading them by the 
ricochet batteries; but if this fhould be 
thought too expenfive, I would make the 
upper flank 7 feet above the level, that is, 
2 feet lower than the faces, and the lower 
one 3 feet above the level ; but then the faces 
of the tenailles muft be 4 feet higher than 
the flanks, to cover them from the enfilades: 
for it is of the greateft importance to prevent 
the enfilading the works as much as pofliblc, 
fince it is much more dangerous than to be 
feen in the front, and it is too dangerous to 
defend fuch a work: this and the fecuring 
the retreats from one work into another, arc 
the two greateft advantages to be gained in 
a good fortification ; and for which the . flbne 
redoubts in the places of arms, in the de- 
tached baftions, and ' thofe in the ravelins, 
are all that can be done ; for when thofe 
works can be no longer defended, the be- 
fieged watch their opportunity in the dark, 
or when the enemy's fire flackens, to crofs 
the ditch and retire; for it would be im- 
prudent to defend them to the laft ; and there 
fliould be mines to blow them up, when they 
can be of no further ufe« 
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ConJiruSiion of a Place with Lunettes 
and Count erguards* 

This figure is an oftagon, whofe exterior 
iide is 200 toifes, the perpendicular 30, and 
the faces 55; the radius of the arc which 
terminates the pofition of the flanks is 2.0 
toifes, the orillons are 5 ; the firft flank is .5 
toifes retired, and the fecond 10 from outline 
to outline ; the rampart of the lower flank 
is 4, and the ditch behind it 3 : the faces arc 
4 feet higher at the faliant angles, and three 
at the {houlders, than the flanks and curtain, 
and that excefs fliould be of turf: the ditch 
is drawn from the extremities of the orillon 
parallel to the line which ferves to determine 
the pofition of the flanks ; the tenailles, or 
rams-horns m, are defcribed from the point 
of interfeiftion, of the line of defence pro- 
duced, and a perpendicular to the faces prt)- 
duce<i 3 toifes; and there are terminated by 
a line 3 toifes diflance from, and drawn pa- 
rallel to the curtains. p 

The femi-gorges of the ravelins R are 
28 toifes, their capitals 30, and the ditch 

I before them 6. 
The femi-gorges of the lunettes n, the 
one is 15, and the other 30 toifes j and the 
' I 2 _ . faces 
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faces are drawn perpendicular to tbofe of the 
ravelin and the ballions; the ditches before 
them are 8 toifes. 

The countcrguards a are 7 toifes broad 
at their extremities, and the faces perpendi- 
cular to thofe of the lunettes, or parallel to 
thofe of the b^ions ; the ditch before them 
is 10 toifes. 

The bonnet b before the ravelin is 10 
toifes broad at the ends, and its faces are pa- 
rallel to thofe of the ravelin, or perpendicu- 
lar to thofe of the lunette : the ditch before 
this work is i o, . the covert- way 6, and the 
glacis 20 y the places of arms r, are found 
by fetting off 20 toifes one v^^y, and the per- 
pendicukr drawn through that point, meeting 
the face of the lunettes produced. 

Remarks on this Conf^ruEiion^ 

As all the defences of this place are dlreft, 
that of the ravelin excepted, the works will 
be in a cor^diucn of making as great a refift- 
an<.e as ciui be cxpcdtcd j the curtain, rave- 
lin, liineit.:^, and bonnet, fhould be all of 
the f.u.itj height ; as likewife the counter- 
g'VfTris and b^ulions, fo that the baftions 
may not be feen but from the counterguards, 

where 
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where there is not fufficient room for making 
batteries to deftroy the tlanks ; the rarns-horns- 
ferve to fally out into the ditch, when dry, 
or to harbour boats behind them when wet : 
their level ground fliould not be above 4 or 
5 inches above water, or even with the bot- 
tom of the ditch whea dry ; and as they can* 
not be enfiladed from any part, their grazing 
fire will extremely wdl defend the great 
ditch, and that befiore the ravelin ; as like- 
wife the level ground of the ravelin, lunettes, 
and counterguards. 

The reafon that the rams-horns are not 
continued quite to the curtain is, that the 
fplinters from the wall may not hurt thofe 
in the rams-horns, it faves likewife fome 
expences, and this pallage may ferve in a 
wet ditch for boats to go out and come in, 
and the part between the lower flunk and 
the rams-horn ferves as a fafe harbour for 
the boats, or as a place of aruis when the ditch 
is dry. 

Although thefe baflions are of as great a 
defence as poflible, yet the enemy will iri 
time be able to ruin the flanks, and make 
breaches in the faces ; and this being once 
acconiplifhed, the garrifon will be obliged 
to furrender, unlefs fome other defence be 

I 3 found s 
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found; for which rcafon, good retrench- 
ments, fuch as marked S, fliould be partly 
made, either at the fame time that the place 
is built, or in time of p^p-ce, with a good 
ftrong wall and a ditch before it ; as like- 
wife with countermines under them, to pre- 
vent the enemy from blowing them up with 
their mines ; and from the bottom of this 
ditch, galleries might be carried on under 
any part of the baftion, to blow it up, when 
it c^n be defended no longer above ground : 
I faid that thefe retrenchments fhould only 
be partly made ; becaufe there muft be 
about 4 toifes left unfiniflied at each end 
near the flanks, in order that there may be 
fufficient room behind the flanks to place 
cannon ; and when the attack is once made, 
the parts next to the flanks, which are of 
no ufe, may then be finifhed, and the other 
. afterwards, when the flanks are of no further 
ufe ; by this means the baftions will be able 
to make as great a defence, as if they were 
detached. 

For it is in vain to pretend that a place 
fliould make a long and fl:out defence, though 
ever fo well fortified, if the governor either 
wants means, or does not know how to de- 
fend it ; and there ought not to be a fingle 

work 
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work but what fhould be defended inch by 
inch, and when the works are fpacious 
enough to admit of retrenchments, there 
ihould be as many made as can be done : the 
works muft not only be thus flifputed above 
ground, but likewife under ground ; for all 
the parts, where the enemy is likely or muft 
make lodgments, fhould be countermined, 
in order to blow them up when they can be 
no longer maintained above ground. 

The expence of making countermines and 
retrenchments is inconfiderable, in refpedt to 
that of building the fortification, and yet they 
may lengthen, the defence confiderably. It 
appears fhameful, that as foon as a breach 
is made in the baftion, and often not wide 
enough to make an affault, the garrifon (hould 
be obliged to capitulate; it feems that the 
baftions, which are the moft conliderable 
part of a fo^'tification, and coft mcft, fhould 
ierve more as a fhew than as a real additional 
/Irength to the place ; this is undoubtedly 
3 wing to the incapacity or flothfulnefs of 
overnors, who think more by what means 
make moft money of their places, than 
ow or in what manner the town is to be 
^fended, and to provide in time againft the 
angers which may happen in an attack, 

1 4 That 
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That a town may make a confiderabic 
defence, though moderately fortified, is no 
romantic fancy, as evidently appears by the 
lieges of Vienna and Candia, when they were 
attacked by the Turks } there was not a. foot 
of ground gained by the befiegers, which 
the befieged did not immediately cut oflFj 
the former made a defence of near three 
months till it was relieved, and would have 
continued fo to the laft inch of ground of the 
whole town, if it had not, and the latter 
held out ten years. 

In order to form a better judgment of 
thefe three new conftrudlions, we have added 
the profiles of the feveral works, and which 
are nearly the fame as thofe the French made 
ufe of in fome of the laft places they have 
fortified. Though we have ufed the odta- 
gonal polygon here, yet the fame -works will 
do in any other above an exagon with fome 
very few variations in refpe<S to the diredfe 
defence, 

ConJlruEiion of M. B'^hiDovCs firfi . 

method. 

late XX. This figure is a part of an odagon, whofe 
exterior fide AB is 200 toifes 5 the perpen- 

• » dicular 
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dicular GD, 50 ; the faces AE, BF, 70;- 
and the flanks are found according to M. 
Vaubans method. 

The hne joining the extremities a and b 

of the flanks of the fame baft ion, fervcs as 

an exterior fide to trace the front of a poly- 

\. gon; whole perpendicular cd is i;j toifes, 

f the faces 22 ; the parts df of the- lines of 

: . defence, which terminate the flanks, are 14: 

the dry ditch before this front is 10 toifes at 

;. the points tf, b, and the countetfcarp terpii- 

' nates at the oppofite fhoulders.. 

The rams-horns gy are defcribed from a 
• point in the middle of the faces of the in- 
terior front, ;a5 centers, with a radius of 25 
toifes. 

' The retrenchmenfts H are drawn from a 
^jppint h in the face, at 1 5 toifes from the 
ihoulder to the points b, ^z, and are 25 toifes 
[long; the orillons kl, 8, and the flanks nni 
iffe 8 toifes retired hear the orillon, which 
ai'e- the chords of an arc from the oppofite 
fliottlders; the ditch before thefe retrench*' 
iaients is 8 toifes near thp parapet of the- . 
baftions, and its counterfcarp diredled ta the 
louiders* 

The faliant angle of the redotrbt B touches 
le inter&d:ipns of the curtains produced, 

and 
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and the faces terminate on the faces of the 
inner front within 3 toifes of the fhoulders; 
its ditch is 3 toifes ; thefe redoubts are a ftane 
wall of 3 or 4 feet thick, with loop-holes in 
the faces. 

The author having made no outworks to 
this fyftem, we have added ravelins and a 
covert-way made in the ufual manner ; the 
great ditch is twenty toifes before the faliant 
angles of the baftion, and its counterfcarp is 
diredled to the fhoulders ; and the faces of 
the ravelins to the outline of the retrench-! 
ments H* 

Remarh on this ConftruBion. 

This fortification has the advantage of all 
thofe which have detached baftions ; the re-^ 
trenchments within are of a good defence ; 
but they take up too much ground, efpecially 
the ditches, which ground might, in my 
opinion, be better difpofed of; bejQdes, if 
the breach was made at h F, by the guns 
placed in the oppofite place of arms and 
ravelin, the befiegers would find a lodgment 
H ready made, wanting only a part oppofite 
to the face of the inner front. But the 
: flanks of thefe largfe baftions, which arc 

about 
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.bout 26 toifes long, feem to be too fmall, 
md the great ditch too large ; for if it was 
)nly 15 or i6 toifes at the faliant angles, 
Lnd the counterfcarp directed to the flanks 
vithin 2 or 3 toifes of the fhoulders, the 
)efieged would not find fo much room to 
>lace their counter-batteries. 

The ditch before the inner front might 
>e fmaller, that is, of about 5 toifes; and 
Lhen the flanks would become fo much the 
longer. 

As the ditches before the retrenchments 
H are diredtly oppofite to thofe before, the 
ravelin, the author defigned to make a bat- 
tery in them ; for which reafon he carries 
that ditch through the parapet, and leaves 
only the walls to cover it ; but as the enemy 
niight foon defl:roy the wall, and therefore 
ueed make no other breach to enter the 
baftion, *we have continued the parapet, 
and. thofe batteries might be arched and open 
behind. 

ConJiruBion of M. B e l i d o Visfecond 

method. 

This figure is again a part of an ddtagop, pi. xxi. 
/hofe exterior fide, AB is 20a toifes: the. 

per- 
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perpendicular CD, 5^, and the faces, AE, 
13P, nzy as in the former; and the flanks 
are like wiie found according to M. Vaubdrii 

method. 

The line a by which paffes through- the 
extremities of the flanks, ferves as an exte- 
rior fiie to the inward polygon ; whofc per- 
pcndicu'ar c d is 5 toifcs, the faces 24, and 
the flanks are chords of arcs delcribed frooj 
the oppofite Ihoulders of the detached baAions^ 
as centers. 

This inward polygon is nothing elfe but 
a ftrong wall, behind the curtain of whidi^ 
and of about 18 feet diftant from it, is t 
panipet or cpaulemcnt of earth 3 toifes thick; 
and within the bjirtions are cavaliers, whofe 
fronts i^.rc circular arcs defcribed with a radius 
of about 23 or 24 toifes ; the flanks are 7 
toifcs long, and gorges 32, 

The countcricarp of the ditch before this 
polygon is 7 toifes at the faliant angles tf, K 
and panillcl to the curtain. 

The r;;n)5-hcrns or tenailles touch the lines 
(>F dcfcr.ce within 3 toifes of the fhouldcrs, 
.Ml. I arc defcribed fo as to meet the other lines 
f iik-ll-nrc in the fame point as the counter- 
I i: [) of the inner ditch. 

The 
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- The outline of the curtain between the 
•arfis-horns is 9 toifes from the ditch. 

The extcricr iide h k of the retrenchments 
«rithin the detached baftions, meets the faces 
w^ithin 20 toifes from the flioulders : the per- 
pendicular m n is 17, the faces hi, 20 ; thc^ 
:hord on which the orillon is Jefcribed is 5 
toifes, and likewife the retired part of the 
Bank ; the flanks and orillons are made accord- 
bg to M. Vauban^ method. 

The circular curtain and the round part of 
^le ditch behind it, are defcribed with a cen- 
ter, 25 toifes diftant from the points a^ b. 

The great ditch is 20 toifes before the 
Gkliant angles of the detached baflions, and 
la fuppofed to be dry \ for which reafon M. 
helidor made a caponiere to go from the cur- 
lun to the ravelin, pf 18 or 20 feet wide, 
B^bofe parapets terminate on both fides in a 
fope or glacis. 

The capital of the ravelin Q^ is 66 toifes, 
that of the redoubt P, 30 j the faces of the 
ravelin are diredted to thofe of the retrench- 
siciits within the baftions, and thofe of the 
cdoubt to the fhoulders ; the batteries in the 
arelin are retired 8 toifes behind the faces ; 
he ditch of the ravelin is 12 toifes, and that 
(f the redoubt 7. 

The 
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The femi-gorges of the lunettes R are 21 
toifcs, and the faces perpendicular to thofe 
the ravelin and the baftion ; the ditch beftwc] 
them is 8 toifes, and the batteries S are retired 
as much, and are 1 5 toifes long : laiU^, the] 
covert- way is 6 toifes. 

Remark on this ConftruBioni 

If the parapet behind the curtains, and 
the cavalieis in the baftions, of the body 
of the place had been joined t6 the wall 
it would huve been much better, fince the 
wall will foon be deflroyed, and thereby 
open the place at once; the perpendicular 
of the great polygon is a great deal too long, 
ir nuikcs the baftions too big and expenfivc; 
the ^le.ic di:ch is likewife too wide; the 
earili lakcii out of it will be more than is 
i;:\:v.ired tor rLiii-;\): tlie ramparts. As to the 
ouiwoi xii) clicy leeni to be extremely well 
il!ii>oiVJ, /.:.J. callable of a good defencCi 
cveepciiv; .i^e rccired batteries in the ravelin 
<.J^ai\':, U\ c!\^' greiitcil part, covered by thofe 
i • c-io lu j::es R ; for which reafon, lunettes 
^i i,\vu\l \\ \\: manner reprefented in the 
\ :.\ r!..:,' .ire, in my opinion, of a much 

v-.:e.uc than thefe here; but the 

whole 
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whole work together is too expenfive to be 
ever made ufe of ; for it would require almoft 
a whole army to defend thefe works, and 
if we confider the prodigious quantity of 
; itores and ammunition required, one may 
eafily perceive that this fortification will never 
beufed. 



\ 



ConJiruBion of M.BELiJiOKs third 

method, 

\ - 

This figure is like wife a part of an oda- PLXXH. 
gon, whofe exterior fide AB is 200 toifes, 
the perpendicular CD, 40 ; the faces AE, 

BF, SS'^ ^^^ P^^^^ D r of the lines of de- 
fence, between the perpendicular and the 
broken part of the curtain, 30; and the 
length of the broken parts r n, 25 ; the 
orillon is 9, and is part of a flank found 
according to M. Vaubans method ; the flanks 
arc 8 toifes retired, and are arcs of 60 
degrees ; the outlines of the rams-horns are 
1 3 toifes diflant from each other ; the paf- 
iages at their extremities are 3, the outoioft 
or'lowefl: is defcribed with a radius of 36 
toifes, and the other is defcribed from the 
fame center, . "^ 
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bf loop -holes, with a ditch of 3 toifes before 
them. . 

The dimenfion^s of the arrows and detached 
redoubts, are the fame as thofe in M. Faubans 
method, only the arrows have flanks parallel 
to the paiTage of i o toifes. 

Remarks on this ConJiruSiioh. 

M, Belidor^ commits the fame faults in all 
his works, as almbft all thofe who fprtify 
upon paper only ; by confidering how a place 
might be ftrorigly fortified, without troubling 
themfelves about the expences of building, 
or the great number of troops. to defend it; 
imagining, 1 fuppofe, that a Prince, or State, 
fhould fpare no expence to fecure the fub- 
jedts againft a powerful enemy. If it were 
only for the expence of building them, I 
fhould be of their opinion ; but when it is 
eonfidered how much artillery and ammu- 
nition is required, together with the great 
number of troops to defend fuch places, it 
may eafily be conceived, that their firft notions" 
muft necefiarily.vanilh into fmoak. 

But let us enter upon particulars ; tKe 
redoubts m are intended to fecure a fafe re- 
treat from the lunettes when they are taken ; 

K but 
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but as the bcficgcrs may eafily dcftfoy them 
with the fame guns placed in the oppc^te 
ravelin, which ferve to batter the faces of 
the lunettes, as likewife the curtain of the 
body of the place, they will hardly anfwer 
the purpofe for which they were defigned ; 
he fliould have added a parapet of 1 2 or 15 
feet, which would have cffeftually fccnred 
the retreat. The lunettes might have been 
conftru(5ed (o as to defend each other di- 
; really, as likewife to be defended direftly by 
the oppofite faces of the baftions; and if 
there had been made counterguards inilead 
of the glacis T, they would have covered 
the baftions and the oppofite flanks, and 
would not be liable to be taken fword in 
hand, as thefe jarwks may be taken. I fup- 
pofe the audior intended to fecure them 
with palifades, but when the palifades are 
higher than the glacis, the befiegers guns 
will foon deftroy them, and make their de- 
fence more dangerous than ufeful^ if they 
are equal in height with the glacis, and 
placed near the parapet, the enemy* jumps 
over them ; and if they are farther off, they 
are trouble feme, and ealily deftroyed by the 
ricochet batteries ; from whence it may be 
concluded, that thefe works are of little or 
no defence. The 



The places of arms are too fpacious, and 
the counterfcarp of the ditches before the 
detached redoubts being parallel to the flanks, 
render the ditch before the faces defence- 
lefs, and therefore ferve as retrenchments 
ready to receive the enemy, without requir- 
ing fo much as a traverfe to cover themj 
the flanks of the arrows are made with no 
more judj;ment than thefe ditches. 

The rams-horns are certainly very Well 
contrived, they are much preferable to the 
tenaillesj they cannot be enfiladed from any 
one place, refill better, by their bending out- 
wards, the enemy's battcrieS; and render the 
flanks much fupcrior to any battery that 
the enemy can raife againft them > but the 
retired flanks have the fame defetS: as thofe 
of M. Fauban'i, which we have fiiewn be- 
: fore J it is furprifmg, that no author has ever 
[ obferved the badnefs of thefe kinds of flanks ; 
rthe great charadtcr which M. Vauban has 
Buftly acquired, has probably impofed upon 
heir under {landings. The ftone redoubts S, 
Jid X, in the lunettes and places of arms, are 
llndoubtedly very good, they add much 
■ength to thofe places, and fecure a retreat 
Ko the troops which defend them. 
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feftlon of thefe lines, bifeft AO, BO in E 
and H ; then will AE, BH be the faces, EC, 
HD the flanks, and CD the ftraight part of 
the curtain. 

The orillons EI, LH, are 10 toifes each, 
the flanks are retired 5 toifes behind the lines 
EC, HD ; in all polygons above an eptagon, 
he makes the retired flanks from 10 to 12* 
toifes diftant from thefe lines, in order tp 
lengthen the curtains. 

Each flank exceeds the flank before it 9 
feet in height, and they are 8 toifes diftant 
from outline to outline. 

The counterfcarp of the ditch is drawn 
. from the extremities I, L of the orillons, 
parallel to the faces of the baftions ; the 
counterguards are but 4 toifes broad, 10 or 
I a feet of which are taken for the parapet j 
the ditch before them is 10 toifes. 

If from the fhoulder E, as center, there 
be an arc defcribed through the (houlder H, 
and from H through E, their interfe<£lioo 
will be in the faliant angle of the ravelin, 
the faces of which are directed tq a point 
in the faces of the baftions withia 6 toifes 
of the Ihoulders ; the gorge of the ravelin 
is determined, by producing the faces of (he 
jGounterguards; the ditch of the I'avelin is 12 
toifes, 

K 3 The 
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muft coft, (which is the cafe of moft au- 
thors) and hkewife the numerous artillery 
required to defend it. 

However, if the works were of good de- 
fence, he might be excufed in negledtlug 
^the expence ; but how far he has fucceeded 
in that refpeft, we fliall make appear. 

He imagines, that places are generally 
loft: for want of having fuificient flanks, for 
which reafon he makes three, one behind 
another; but they are too near each other, 
fo that the rubbith of the upper flank muft 
certainly deftroy the ufe of the lower : be- 
iides, if any fheils fall into the lower ones, 
they muft inevitably deftroy the troops that 
are there, as not having room enough to a- 
voidthem; they are likewife too open, and 
fo more liable of being deftroyed from the 
covert-way, for the counterguards are not 
broad enough to Itreen thofe flanks, as the 
'author imagines; fince a few mines will foon 
■deftroy them, as we have obferved in M, 
^Coehorn's method, who. made his after M. 
B/otiiie/. 

The low batteries x, are likewife too nar- 
■ow and too much confined; though they 
night have been of good defence, before 
he fhells were fo much ufed, which was 
K4 perhaps 
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perhaps the cafe, when this method wa? 
invented. 

Had M. Blondel known the ufe of ricor 
jchet batteries, he certainly would not havp 
omitted the traverfes in the cpvert-way as he 
does ; his places of arms are top fmall tp 
make any tolerable defence. 

His great ditjch is too wide by much^ fqr 
it is at leaft 25 toifes before the faces of the 
baftions ; for the expence of removing the 
great quantity of earth out oif them, to a 
great diftance, is both idle and needlefs,. 

ConJlruEiian of Count Pap an' J tn^thod^ 

This author eftablilhes three forts of for-: 
tifications, njtz. the great, mean, and little^j 
whofe principal dimenjfions are contained ii^ 
the following table : 
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Let the exterior fide AB of an oftagon 
e 180 toifes, the perpendicular 30, and 
le faces 55 j draw the flanks perpendicu- PLxnu, 
r to the lines of defence, which biieft by- 
line drawn from the oppofite faliant angles j 
le one half ferves for the orillon, the firft 

flank 



I40 THE ELEMENTS 

ries ; trioft authors take it for a general maxiaif 
that the direft defence is the beft, and wc' 
have proved it in the beginning of thk 
ie.dtion ; and yet a late French author, who 
takes M. Vaiiban to be his hero, fays, tkol 
if they 'were 7iot Jo direB, they would be no 
lefs good, and it is not iiecejfary here to ob-* 
Ja've a geometrical exadinefs ; but how this 
author reconciles his manner of arguing *with 
the above-mentioned general maxim, is a thing 
I do not underftand ; for if this maxim is not 
to be followed, it fliould not be mentioned) 
and if exceptions are to be made in certain 
cafes, it is not general. - 

This author blames likewife Count Pagan 
for making his orillons equal to half his ' 
flanks ; by which means, he fays, there is fo 
much of the flanks loft, and a lefTer orillon 
would have been fufficient : in which he i$ 
miftaken, for there may be 4 guns placed upon , 

the orillon ; and if the Count made bis i 

j 

retired flanks but half the ftraight flanks, it 
is becaufe he thought that there is room 
enough to place as many guns in them as are 
necelfary to defend the ditch ; and by doing 
fo, they were better hid, and not fo eafily dif- 
mounted by the befiegers; it is certain, that 
hi^ flanks are too near one a,nQther 5 and if 

thcrq 
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there were but two in polygons under an ofta- 
gon, it would have been much better ; the 
ditch before the redoubt is but ill defended, 
which fhould never be made without making 
tenailles likewife ; fo that it might be defended 
from thence. 

V/e have faid that his ramparts are but 7 
toifej) in general, fo that the parapet, which 
IS 3, being taken from 7, there remains but 
4. toifes or 24 feet for the free paflage and 
batteries, which is too little ; becaufe the 
platforms take up 18 or 20 feet, fo that 
there remains not room enough to pafs by 
with another carriage. M. Vaiiban made , 
the level ground of his ramparts 30 feet, 
and fometimes more, in mofl: places he for- 
rifled, though in his conftrudlion but 4 
:oifes or 24 feet; but as he never publifhcd 
my thing himfelf, thofe that have given his 
vorks to the public have, I fuppofe, fub- 
Htuted their own dimenfions. 

His covert- way feems to be too narrow, 
nd the places of arms too inconflderable, 
br defending the glacis; the not making 
raverfes in the covert-way, is likewife a great 
liftake; but as the ricochet batteries were 
ot known in his time, there was not fo 
luch occafion for them then, as there is 
ow. The 
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The counterguards in his fecond method 
are too fpacious ; his propoling to build hof« 
pitals, flore-houfe^ and magazines in them, 
muft prove a great detriment to their defence, 
unlefs thole buildings are demoli£bed when 
thefe works are attacked. 

Count V AG KrCs method correBed. 

The exterior fide of this odlagon is 200 
toifes, the perpendicular 30, the faces 6p, 
the orillon 5 ; the firft or lowed flank is 4 
toifes retired behind the orillon, the flanks 
are 1 2 toifes diftant from outline to outline ; 
the great ditch is drawn from the extremi- 
ties of the orillons, parallel to the faces of . 
the baftions; the ravelins are made in the 
manner defcribed in plate XV, 

The faliant angle of the counterguards is 
35 toifes diftant from that of the baftions, 
and they are 8 toifes broad at their extremi- 
ties, the ditch 12; there (hould be retrench- 

* 

ments made in the counterguards, perpendi- 
cular to the middle of the faces, with a ditch 
before them 3 or 4 toifes. 

The covert- way is 6 toifes, the femi-gor- 
ges of the places of arms 20, and the faces 
are perpendicular to the counterfcarps. 

8 Remarks 
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Remarks ok this ConfiruBion^ 

All the works, in this fortification have a 

5^ good defence; the coinpidlnefs of the 

irks, and the little expence, in refped to the 

(tent of the town, makes this method far 

referable to any other. 

For we fuppofe the town wall no higher 

in the counterguards and ravelins, fo that a 

le drawn from the infide of the parapet of 

body to the extremity of the glacis, de- 

lines the heights of the counterguards, 

jelin, and the ridge of the glacis. 

We have made but two traverfes in each 

inch of the covert-way, but becaufe of 

"their length, there may he made three, to 

prevent better the enfilades of the ricochet 

batteriesj thefe traverfes need not be fo thick 

as they are generally made, for lo or 12 feet 

would be fufficient to refill the ricochet 

batteries. 

As the flanks are here perpendicular to the 
lines of defence, it was neceflary to make the 
counterfcarp of the great ditch parallel to 
thefe lines, according to what has been faid 
withrefpedt to the true pofition of the flanks, 
at the beginning of this feflion. 

If 
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if the lower flanks were arched and optn 
behind, in all places that have two of three, 
it would be much better, Gnce this would 
eflfedtually prevent the enfilading them, when 
they are not covered by orillons ; they would 
likewife be out of danger from the (hells, 
efpecially when there is a ditch behind, and 
the level ground goes floping towards the 
ditch. 



SECT. IV. 

Of Irregular Fortification.^ 

THE moft eflential principle in fortifi- 
cation, confifts in making all the fronts 
of a place equally ilrong, fo that the enemy 
may find no advantage in attacking either of 
the fides ; this Can happen no otherwifei in a 
regular fortification fituated in a plain or even 
ground ; but as there are but few places 
which are not irregular, either in their works 
or fituations, and the nattire of the ground 
may be fuch as makes it impradicable to 
build them regular, without too great ex- 
pence I it is fo much the more neceflary to 

(hev/ 
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( jfliewin what.cooflfts the ftrength or wealc- 
■efs of a town irregularly fortified, fo that the 
jfeakeft part may be made ftronger by ad- 
tetional outworks i as likewife, if fuch a place 
I to be attacked, to know which is thcftrong- 
1 or weakeft: part. 

I All the authors who have wrote on fortifi- 
Stion, that I have feen, are fo deficient in re- 
Jird to this, that not the lead knowledge can 
J gathered from their writings ; they do not 
'en mention any thing about it. From 
iience it feems to appear, that there can be - 
■en no general rule, whereby the ftrength 
weaknefs can be difcovered; and if we 
connder the feveral attacks that were made 
in the late wars, one would be inclined to think 
that the engineers were no ways acquainted 
with it. A late author has mutilatedj what 
'.is here faid, and enlarged upon the fubjeifl 
;Very much; he had the aiTurance, not to fay 
worfc, to perfuade the public, that all was 
his own invention, as if this work had not 
been known before his; but his whole per- 
formance confifls in nothing elfe than a heap 
of abfurdities. 

That M. ^auban underftood irregular for- 
tification perfeftly well, is plain from thofe 
•places he has fortified of that kindj and yet 
L bis 
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his commentators mention nothing of it; 
they very often Uviihly beftow their praifes on 
feme of his works which do not deferve it, 
and are filent upon thofe which are very juftly 
to be efteemed. 

When the fituation of a place is fuch that 
it cannot be regularly fortified, it fhouldbe' 
contrived to make it nearly fo ; that is, in- 
ftead of infcrlbing it in a circle, it fhould be 
infcribed in an oval, fo that one half may 
be like and equal to the other halfj and 
when this cannot be done, it fliould be 
made as regular as it poffibly can be» and 
as much as the nature of the ground will 
admit of. 

But to reduce irregular fortification into 
feme form, that from thence their perfections 
and imperfections may be difcovered ; we 
fhall fuppofe, in the firfl: place, that one half 
of the -place is equal and like the other half; 
and then fliall fhew the application of this 
principle in all forts of irregular places. 



Proposition. 



XIV. If a fortification be infcribed in an oval^ 

that is, if the one half is equal and like the 

other half; I fay. that the fides CD, GH, 

6 oil 
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on the flat parts, are ftronger than the fides 
AB, EF, on the narrow parts, fappofing all 
the exterior fides equal, and the place equally 
fortified. 

It muft be confidered, that a front may 
be efteemed more or lefs ftrong, in propor- 
tion as the befiegers are obliged to make 
more or lefs works in their approaches ; and 
when thefe approaches are fuch, as beihg 
produced, fliall always fall without the for- 
tification, otherwiTe they may be feen in 
front by fome of its parts ; therefore when 
the angles BCD, CDE of the polygon are 
very great, and the befiegers come within 
a fmall diftance of the works, they cannot 
approach any nearer without being feen in 
-front, excepting by a diredl fap, with tra- 
verfes; and as this way of approaching pre- 
fents but a fmall front, the befieged, who 
have a much larger, may oppofe what ob- 
tacle they pleafe. 
And on the contrary, if the angles HAB, 
BC of the polygon are very fmall, the be- 
gers may carry on their approaches to the 
(cry counterfcarp, and have always a largei; 
ont than the befieged. 
Moreover, as the befiegers muft extend 
approaches to three fronts, whether 
L 2 they 
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they are fmall or large, the work of 
approaches before the front BCDE, will iJ^ 
to the work before the front HABC, as the 
line BE is to the line HC nearly; that is, 
as the greater axis of the oval is to the lefler; 
confequeritly the front CD on the flat fide, 
is ftmnger than the front AB on the narrow 
lide. 

Corollary I. 

Hence it follows, that the longer the 
exterior fide CD of a polygon is, provided 
fhe lines of defence are within the reach of 
niufket-fhot, and the angles BCD, CDE 
of the polygon the fame, the ftronger the 
front will be ; fince the works become more 
fpacious, may hold more troops to defend 
them, and the befiegers are obliged to 
tend their trenches farther. 

Corollary II. 

It follows likewife, that the greater 
angles of the polygon BCD, CDE are, 
exterior fides being the fame, the ftrong 
the front CD will be ; bccaufe the lengtfi 
of the line BE increafes, and the extent of 
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the befiegers approaches in proportion. 



propo-T 



has been proved in the foregoing pre 
fition ; confequently the ftrength of a forti- 
fication incrcafes in proportion to th' nuiTiber 
and length of its fides; that is, a dodeca- 
gon is ftronger than an oiflagon, fupppling 
jhe length of tiieir fides equal ; and an oifta- 
gon, whofe fides are " 200 toifes each, is 
iironger than another oilagon, whofe fides 
are only 180; and hence a right line forti- 
fied, is the ftrongeft of all, contrary to the 
opinion of moft engineers: there are even 
ibrae, who imagine precifely tlie contrary 
to be true, 

Mr. Villeneuve, a French author, at the 

end of his regular fortification fays, that if, 

inilead of fortifying a regular odlagon in the 

ufual manner, a fcjuare was made fo as the 

fides are equal to 360 toifes, or double the 

fides of the oftagon; and making flat bafllons 

in the middle of thefe fide;, lb as three 

baftioiis being pbced in a right hue, the 

faces being 50 toifes, and the perpendiculars 

22 toifes and 3 feet, which is one eight of 

the exterior fide; this figure wiuU he more 

advantageous than the oftagon fortified in the 

ufual manner, 

1^ 3 , . ■ . . -A.S 
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As the angular baftions are weaker than 
the others by what has been proved before, 
he would have counterguards made before 
them, and their gorges retrenched, as like- 
wife tenailles in the ditches: if this method 
be confidered with attention, it will appear 
not altogether ufelefs; for as the attack 
reduced to the four angular baftions, 
may be well fecured by outworks, with left 
expence than the comnnon odlagon ; for if 
inftead of making tenailles, I would make 
rams-horns next to the flat baftioiis only, in 
order to increafe the defence of the angular 
baftions ; and if fmall lunettes were added 
next to the counterguards, fo as to defend 
their ditches, it would increafe the defence 
confiderably. This fortification has another 
advantage, which is, that the infide may be 
filled with regular buildings, and the ilreets 
made at right angles to each other, without 
lofing an inch of ground. And though 
capacity of an odtagon is greater than 
of this fquare, yet the latter will contain 
many buiIiJings as the former. 

A late EngliJJi author goes upon qmi 

contrary principles ; for inftead of making 

an oftagon, whofe exterior fides are i8o 

toifcs eacti, he would make an enneagon, 

whofe 
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whofe exterior fides are to be 170 toifes 
only J whereby he pretends to gain great 
advantages. But as an enemy is oMiged lo 
carry his works no Eirther than three fides, 
he will have lefs work to do in the attack ofi 
the enneagon than ia the oitagon; and aSi 
the angle of the polygon in the (irft exceeds 
by 5 degrees only that of the fecond, the 
fmall advantage arifing therefrom, is by no 
means fufficient to balance the difadvantage 
of leffening the fides ; nor does it anfwcr the 
expence of that bafliion which is added to 
the odtagon, Befides, we have proved, and 
it is allowed by the moft able engineers, that 
the longer the exterior fide of a fortification is, 
the ftronger it will be, provided the lines of 
defence are not too long for mulket-(hot; 
becaufe you can always place more men and 
guns in the works. 

N. B. The truth of the foregoing pro- 
pofition and its corollaries is likewife con- 
firmed by pra-Sice, and experience j firft, as 
to pra<5tice, if the plan of Namur be confi- 
dered, it will be found, that at St. Nicolas gate, 
where the town is narroweft, there are more 
works than in any other partj at Cambray, 
near the Cantiperi and Sctlle gates where the 
place is narroy/er than any where elfe, there 
L 4 are 
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are horn-works; at Lilh; near the gate of 
the fick, is a cartte in the curtain, a raveh'n 
and countcrgiiard before it, as likewife a 
horn-work before each baftion i abundance 
of other exam;-''les might be given, which 
confirm the foregoing propofition. 

Experience has fliewn likewile that larj 
places moderately fortified, have made bet^ 
ter defences in proportion, than fmall. onei 
of more works; for Mi^tz in Lorrain wa 
be'fieged, without fuccefV, by Charles the VtbJ 
emperor of Germany and king of Spaing al^ 
though he had an army of 100,000 mea 
and the town was only fortified with a fingM 
rampart, witliout baftions and a dry ditq 
before it; Lille in Flanders, v.hen befiegcfl 
by the allies, made a much better defence* 
than any other place in that country; and 
laftly, Prague in Bohemia, wlien befieged 
by the Aujlriafis, which has but a rampart 
with baftions and a dry ditch, and yet the 
befiegers were obliged to abandon it, with- 
out being in a condition to take it. 

An ingenious gentleman has obfervcd 
very judicioufly, that an army of 3s,ooo 
men may eafily defeat 40,000 men divided 
into two or three parts feparately, though 
not the whole together: the fame realbn 
holds 
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olds good in fortification; for one place 
irtified moderately, and garrifoned with 
>,ooo men, will make a better defence- ' 
three equally fortified, with a garrifoa 
K 10,000 men each. 

i It may be faid, that thefe places had ftrong 
ffrifons, fkilful governors, and well provided, 
rith every thing neceflary for a good defence, 
rid that the Aujlr'ians before Prague were 
in want of artillery and ammunition to carry 
on the fiege, and that the fame place was 
taken a year before by the King of Frujfia 
and the FrewM, inthe firft aflault. To this 
may be anfvvered, that thefe places were 
only garrifoned in proportion to their extent, 
and Lille wjs obliged to furrender fooner 
than it would have done for want of powder' 
^nd ammunition ; and as to Prague, if the 
^ujlrians had been well provided with ne- 
celfaries, they would have found it a difficult 
matter to force it, as may be judged by their 
beginning, fince what works and batteries 
they made were deftroyed by the belieged, 
and their cannon nailed up. 

There are feveral other advantages in large 
fortified places, which cannot poflibly be, 
had in fmall ones; as that the fick and 
wounded may be lodged ia a quarter re- 
mote 
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mote from the attack, where they are pretty 
fecurc from the befiegers Jliells and cannon- 
fliot; the fcveral artificers neccfi^ijy in a iiegc 
may do their bufinefs with lefs difturbance j 
and thofe troops which are not on duty may 
reft and refrclh themfelyes, whereby they 
are better able to do their duty; and laftly, 
tjic powder may be lodged in leveral ina^a- 
aincs at fome dirtance from each other, lb 
that it is not in the befiegers power to deftroy 
tficm, at leaft not all; whereas it is a difficult 
matter to lodge powder in fecure places in 
fmall furttficationSf the iick and wounded 
arc in a continual apprchenfion of being de- 
ftroycd by the fliells of the enemy, as hap- 
,, pcncd in the ficgc of Ojlend kft war, where 
here was not any one place fecure from 
and the troops not on duty, having 
no place to reft thenjfelves in without fear, 
will never be able to a£t with that fpirit as 
they would do otherwife. 

It appears to me a vain imagination \ 
think, that a fortification ever fo ftrong, wlli 
a fmall garrifon, can refift long a numerous 
army i tor if their lofs is ever fo inconfidcr — 
able, in rcfpeft to that of the befiegers, i* 
nuill ncvcrthclcfs prove a great detriment i(^ 
them in the cnd^ on the contrary, nothingi 
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>)n my opinion, but a proportionable number 
f troops in a garrifon, to that of the befieger's 
, can make a proper defence according 
e bignefs of the place. 
I" It may be faid, that cafemats or under- 
X)und lodgments may be made for the 
ops to reft in and refrefli themfelves ; but 
■is cannot be done without great expence, 
nd therefore the queftion is fliU, whether 
P^ expence is not better laid out in making 
larger fortification, fuppofing the place is 
of fufEcient importance to a nation'^ we ex- 
cept however thofe which are only made to 
defend a pafs or a port, which might prove 
a temporary advantage to an enemy. 

Having thus proved the foregoing propo- 
fition, and confirmed It by praftice and cxpe- 
I rience. It will ferve as a maxim or a general 
rule, on which irregular fortification is to be 
e/lablifhed; as likewife a rtandard, whereby 
the ftrength or weaknefs of thofe already 
■fc>rtified may be difcovered. 

As the fituatlons of irregular places are fo 
*a.iious, it is impoflible either to enumerate 
tocm, or to give an example of eachj there- 
fc>re we lliall endeavour to give fuch as arc 
P^cift common, and ufeful at the fame time, 
Vy which the Intelligent reader may be 
guided 
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guided in any other cafe that may 
hun. 

If a fituation is fach. as to make it 
pofHble to reduce it into a regular fdl&i, 
it fhould be brought to one as near as can 
be, done; that is, if the polygon cannot be 
infcribed in a circle, it fhould be infcribed 
in an elliplis or oval ; but as this infcriptlon 
is pretty difficult, we will give another me- 
thod, which anfwers the fame purpofe, and 
is very eafy in pradice. 

Suppole a fpct of ground to be reducible 
to the figure ACEG, draw BE, AF parallel 
to each other, fo as the interval may be ]8o 
or 200 toifes, more or Icfs, according as thfl 
nature of the ground will admit. 

To thefe lines draw CH, DG perpendicu- 
lar, and equally dirtant from the points B, Ei 
fo as their interval be equal to that of the lines 
BE, AF J this done, draw DC, GH parallel 
to AF, BE, and equally dillant from them, 
and from their interfe<ftions C, D,H, G, with 
DG, CH, as centers, defcribe arcs, with a 
radius equal to CD, or GH fo as to interfcft 
the lines AF, BE, in A, B, E, F, and join the 
points A,B, and E,Fi then will ABCDEFGH 
be an oblong oftagon, fo that one half will be 
fimilar and equal to the other half. 
; Much 
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Much after the fame manner may be de- 
fcfibed any other polygon ; for example, in 
an exagon, inftead of drawing the two lines 
CH, DG, there need be but one, in a de- 
cagon three, and in a dodecagon four. ' 

If it ihoiild fo happen, as that all the 
fides cannot be made equal without too 
much expcnce ; then the fides AB, EF, on 
the narroweft part of the polygon, fhould 
f>c the longeft, if poffible, on account of it's 
>eing the weakeft, as has been proved be- 
bre. 

It may fometimes happen, that the figure 
annot be made regular in any refpect ; in 
tach a cafe, the ftrength of each fide mufl: 
►e eftimated according to the works a be- 
ieger is obliged to make in the attack, and 
according to the obftacles he meets with in 
his approaches. 

If fomc parts of a place are commanded 
in front by a hill, the parapet muft be raifed 
J or 9 feet high, inftead of 6" only, as is 
;uftomary ; if it is in the reverfe, then a 
raverfe muft be made along, ^e capital of a 
uiHcient height to cover the work ; or in 
loth cafes, cavaliers may be made nearly in 
Jjc fame form of the baftion. 
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It may fometimes happen, that there Is 
an abfolute neceflity of fortifying a re-entring 
angle, in which cafe, the works muft be 

-conftrudted in fuch a macner, that there 
may be no part but what can be flanked, or 
feen by feme other part ; in (hort, all that 
art and knowledge can furnifh ihould be ufed 
in irregular works j the weakeft parts fhould 
be made lirong by an addition of works; 
care muft be taken that no part be com- 
manded by a neighbouring hill, or rifing 
grounds and if that cannot be avoided, to 
raife traverfes or cavaliers ; in general, par- 
ticular care fliould be taken to make every 
fide equally ftrong, and to be as frugal ia 
the expence as polTible, that the cxpence of 
building and the maintaining a garrifon, may 
not exceed the advantage arifing from the 
fortifying of the place. 

I have feen a projeiS of a fortification 
which was to be built near a pafs, to occupy 

. a hill which commands a neighbouring for- 
tification *, of a very odd figure, although 
made by an engineer of great repute ; it 

■ S'. Philifi'i ciftle in Mitwta. This hill commandf tlw 
harbour, as well as all the worki of the callle, and yet it bli 
been neglefted hitherto ; what ufe there can be made of it 
by the befiegen, wili^, I Bin afraid, foon be known, but hope 
l^ii will caution ui another time. 

was 
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Was impoffible to judge, from the difpofition 
, of the works, for what .intent the fortification, 
was to be made. 

When a place is to be fortified, it is of 
the greateft importance to employ fkilful 
engineers to form the projeil ; and to havt 
lit afterwards examined with great care arid 
judgment by others, in order to be fatisfied 
that the figure is properly adapted to the 
■fituation and nature of the ground, and the 
number of works anfwerable to the import- 
ance of the place ; but above all things, tht 
eepence of building, as likewife the number 
of troops for the garrifon, flionld be well 
confidered j for without that it is morally 
impofiible that the place fhould anfwer th« 
end for which it is built. 

Notwithftanding that the foregoing prin- 
ciples arc or ought to be quite obvious to 
any one that has the leaft knowledge in for- 
tification, yet many examples might be pro- 
duced, wherein one would imagine that the 
projedors had not the leaft regard to this 
precept, but on the contrary they feem to 
defpife all the principles which are not of 
their own Invention. , 
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ConJiruSiton of an irregular pit 
jituated in an open country, 

' If the place to be fortified is an old 
tftwn inclofcd by a wall or rampart, as it 
mofl: frequently bappens, tlic engineer is to 
confidcr well, all the different circumibmces 
of the figure, fituation, and nature of the 
ground, to regulate his plan accordingly, ^ 
as to avoid the difadvantages, and gain aU 
the advantages pofTible; he fliould examine 
whetlier by cutting off fome parts of the old 
wall or rampart, and taking in fome ground, 
the place cannot be reduced into a regular 
figure, or nearly fo ; for, if that can be done 
without increafing the expence confiderably, 
it fhould by no means be omitted i old 
towns have often towers placed from diftance ' 
to diftance, as Douay, tournay, and many i 
ether places, which are generally made ufe 
of, and mended when it may be done j if 
there is a rampart without baftions or towers, ^ 
it muft be well confidered, whether baftiom , 
may not be added, or if it is not better to 
make only fome outworks j if the ditch 
■about this rampart is not too wide and deep, 
it would be advantageous to make detached 
baftions, 
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badions, otherwife ravelins and counterguards 
muft be conftrud:ed : fpecial care mufl; be 
taken, to make all the fides of the polygon 
as nearly equal as poffible, and that ^the 
length of the lines of defence do not ex- 
/ ceed the reach of mufket-fhot ; but if that 
cannot be done, thofe lides which are on the 
narroweft part fhauld be made the longeft. 

If it fliould happen that fome of the fides 
are inacceflible, or of very dii'^icult approach, 
cither on account of fome precipice, marfhy 
ground or inundation, they may be made 
much longer than the others, which are of 
eafy accefs, and the flanks need not be fo 

4 

large a^ the refl; by doing fo, there will 
' be feme expences faved, which may be ufed 
in making the other^ fides flronger, by adding 
more outworks* 

There arc few fituations, but what are 
more advantageous in fome parts than in' 
others; it is therefore the bulinefs of an-^ 
engineer to diftinguifh them, and to render 
.thofe fides flrong by art, which are not fo* 
by nature. 

If the fituation is low and watery, lunet- 
tes or tenaillons, and fach other fmall out- 
works, fliould be xonftrudled, becaufe they. 
are not of any great expcncc;, and may 
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them, in the conftruflion of thofe 
which he fortified in his latter time; and 
where he made any, it was always to cover 
a gate or entrance into the town. 

If the p'-ace to he fortified is new, and 
the fituation will not admit of a regu- 
lar conftriidion; particular care mufl be 
taken, in chufmg fuch a fpot of ground as 
is moft advantageous, and leaft liable to any 
difadvantages, either in the building or in 
the maintaining of it; all hills or riCng 
grounds Ihould be avoided, which might 
command any. part of the works, and marfhy 
grounds, becaufe fuch fituations are unwhole- 
fome; or lakes and ftanding waters for the 
fame realbn, excepting a lake is, or may be 
made navigable; good water fhould be had 
either within the place or near it, for it is 
abfolutely neceflary for men and cattle ; 
the air fliould be wholefoiilt, otherwife the 
continual ficknefs that may reign in fuch a 
place might prevent people to come and 
live in it, and the garrifon would not be iri 
a condition to defend themfelves as they 
ought to do; in (hort, all the different cir- 
cumltances attending fuch an undertaking 
flicuM be rpaiurely confidered, befisre a re- 
iclution is taken to fortify any plai 

Whei 
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When a fituation is pitched upon, the 
next thing to be confidercd, is the bignefs 
of the town and the number of its ou'cworks, 
which muft abfolutcly- depend upon the con- 
fequence fuch a place is of to a nation ; if it 
is only to guard a pafs, or entrance into a 
country, it need not to be fo large; but if it 
is to be a place either to promote or to pro- 
tedt trade, it fliould be Urge and commo- 
dious; the ftreets fhould be wide, and"' the 
buildings regular and convenient; as to what 
regards the fortification, its conftru6tion fliould 
depend on the nature of the fituation, and 
the number of works, on the funds, or ex- 
pence a prince or a nation will be at; 
which however ought to be according to 
the benefit arifing from fuch a place^ For 
as fuch undertakings are of very great ex- 
pence, an engineer cannot be too iparing In 
his works; on the contrary, the greatefl ceco- 
nomy fhould be ufed, both in regard to the 
number of works, and tQ their ccnftruclion. 
The body of the place may ha ve^ revetements 
quite up to the top, or only in part, and the reft 
turfed; but as to thq outworks, they fho::iv» 

* Revetements arc chiefly made to prevent a p^ c- f •^. 

beiftg furprifed; outworks do n )t vvanr sr> be rr.-'li' \' 

taking tlitm by furprife is of" no great copfiC^utMr, ^yjc» ■,. i^: 
a Aogc, when other cautions are ufcd topievenr it* 

M.3 . -'V.-..-.. 
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have half rcvetements, or they may be inadi 
with turf onlyj as being not fo ncceflary 
to prevent the pkce from being fnrprifet^ 
and may neverthelefs make a good defence. 

The plate XXIV. is the pUm of an oSa^ 
gon, one half of which is limilar and equal 
to the otlier half; it being fuppofed 
the lituation would not admit of a fbn 
iicatbn quite regularj the exterior fides , 
each 180 toifes, and the works are conj 
ilrudled according to our method; bat be* 
caufe the fides AB, EF are weaker than 
the reft, as has been proved before, we have 
added temilles, redoubts in the ravefins, an4 
lunettes, to render them nearly equal m 
ftrength with the others; and if couateg 
guards were made before the baftions A : 
B, it would effeftually fecure that front, 
ftead of lunettes, any other works may 1 
made, as it may be thought convenient, a 
according to the nature of the ground, 
it fliould be judged neceflary to add other 
outworks to the ravelins all round the plac< 
care muft be taken to add Hkewife i 
tlie fronts AB, EP, in order to render ■; 
advantages and difadvantages of attacking* 
cither fide equal, 
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there fliculd bippcn to be a fpring, near 
the top of the hill, it ihouU be inclo/ed 
in the fortification, or if that cannot be 
done, by fome work or other; for there is 
nothing more ncccflary, and at the fame 
time karccr in fuch fitui^tions, than wa^er, 
for which reafon there cannot be too much 
care taken in providing it; feveral cifterns 
^re to be made to receive the rain-water, and 
to preferve it; wells fliould be dug likewife, 
though ever fg deep, the water of which 
will fervc for common ufe. 

Places built on hills or rocks, fhould ncr 
ver be large, for their ufe is generally to 
guard pafi'cs or inlets into a country, and 
are Teldom ufcful in traflick, and it is a difr 
ficiilt m.atter to provide for a large garrifon 
in furh fi:u:itions; ncitiier fhould any fuch 
pLccs be built without fome very material 
rci.cns; but vvhen it is abfolutely neceffary, 
great awe and precaution fl^iould be taken 
to render the works as perfcft as. the fituation 
\\'d\ p.diint cf, and at the fame rime to be a^ 
frugal in li^e cxpencc as pofublca 
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ConJiruBion of irregular fortijica-. 
tions^ fttuated near rivers^ lakesy 
or the Jea^. 

- * As the intent of building thefe kind of 
places, is chiefly to .facilitate and proted:- trade, 
it is of much more importance than any other 
-kind, efpeclally in maritime countries, where 
the principal ftrcngth and power depends on it; 
for which reafon, we fhall treat of it more 
- largely than of any other part. 

The firft thing to be confidered is their 

fituations, which ought to be fuch as to 

afford a good harbour for (hipping, of a fafe 

; and eafy entrance in ftormy weather ; but 

as it is hardly poffible to find any, where 

fhips may go in and lie fecure, with all 

winds; care ftiould be taken to make them 

:iafe to enter with thofc winds which are moft 

1 dangerous ; .but it is not futncient that the 

j harbour is fafe againft ftormy weather, they 

fhould likewife be fo againft an enemy, both . 

by land and water ; for it often happens that 

fliips are deftroyed where it was imagine4 

they were fecure, which is of too great a 

confequence not to be provided againft ; for 

which reafon^ forts or batteries muft be built 

in 
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in the moft convenient places, to prevent 
the enemy's fhips from coming too near, (0 ; 
as to be able to cannonade thofe in the har- 
bour, or fling {hells amongft them ; and if 
there is any danger of an enemy's approach by 
land, high ramparts and edifices mufl be built, 
fo as to cover them. 

When a river is pretty large, and it is not 
convenient for making a harbour v^ithout 
great expence, the fliips may ride along the 
fhore, which, for that reafon, muft be made, 
accefiible for fliips of burthen; this may tx" 
done by advancing the quay into the river, '4 
the water is too fhallow, or by digging the 
river fufficiently deep for that purpofe. 

And to prevent any enemy from comiog 
up the river, forts muft be built on both 
fides, efpecially when there h any turnings 
or windings. Antwerp is fuch a place, for. 
the SchcldiS fufficiently deep to carry fliips 
of great burthen, which may come quite 
yiear the town-wall ; and feveral forts are 
built below it on both fides, fo that it would 
not be an eafy matter for an enemy to come 
up the river. 

When the river is but fmall, fo that no 

fhips of burthen can come through it; it 

is fuiaicient to make it run through fomc 

6 of 
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Tthe works, where proper landing places 

ITC contrived, from whence the goods may 

carried into the place ; as at Sarrelouis^ 

Pfhere a horn-work is btiilt beyond the 

\rre, in the gorge of which the goods are 

nded. 

If the breadth of the river does not ex- 

►Ceed 200 yards, it commonly pafies through 

khe middle of the town, and proper quays 

are made on each fide ; in fuch a cafe, the 

^fts-tification is fo contrived, as that the rivcc 

afles through the curtain, in order to have 

L baftionon each lide to defend the coming in 

I going out. 

Vhen M. Vauban fortified near rivers, 

Ijinade always the exterior fide near the 

pr much longer than any of the others ; 

1 as Hunningen on the Rhine, and Sarre^ 

the Sarre ; but for what reafon he 

^fied thefe places in that manner, has 

liteen tcld by any author I know of; for 

who beftow raoft pralfes on him, are 

filent in this refpedt, although thefe 

s fhew better, in my opinion, his great;^ 

in fortification, than many others for 

1 he is generally efteemed ; it is true, 

jrs treat in general fo fuperficially of 

ular fortification, as would incline one 

to 



l^x 



THE ELEMENTS 

to believe that they either knew not the im* 
portancc of the fubj;cl» or clfc imagined it was 
impoflible to reduce it under geineral rules or 
maxims, whereby it$ perfedions and imper- 
fccfiions might be difcovered. 

But It is plain, from what has been dc- 
nionftrated before, that the fides which ter- 
minate at the river, are th^ weakeft; be* 
caufe the befiegers trenches being fecured 
by the river, they may draw moft of their 
troops off, and adt therefore with more vi- 
gour and flrength on the other fide: bc-^ 
fides, as the ftrength of a fide increafes ii 
proportion as the angle of the polygon iii 
greater, by making the fide next the river 
longer, the angles at its extremities becomcj 
wider, and confcquently the adjacent fides 
flronger. 

There are other advantages, befides thefcj 
mentioned already, v/hich arife from the 
Icniithenins: that fide : for if the river is 
pretty deep, fo as not to be fordable, that 
fide is not liable to be attacked ; and by' 
increaiing its Icngih, the capacity of the place 
increafes much more in proportion to the 
expencc, than if more iidos were made; the 
center of the pLv. e will be likewife nearer 
the river, v/hich makes it more coavcnieiir 

for 
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tranfporting the goode from the water- 
to any part of the town. 
^o illuftrate this method of M. Vauhan's^ 
(liiill give the plan of Hunmr.gen; this 
5 was built for the. fake of having a Pl.XX>r, 
Ige over the R/ji'ne, for which reafon he 
,e it only a pentagons the fide AB next 
the river is 2oo toifcs, and each of the 
lers but i8o; thd body of the place, a£ 
icwife all the outworks, are co!ifl:ru<a:ed ac- 
ing to his firfl method, by obferviiig that 
perpendicular to the tide AB is only 25 
Tes. according to tiie table given at the be- 
ining of his firft method, aiid the capital 
the ravelin before that front 28; whereas - 
fe of the others are ^o. 
bout the fpace a^c, which lies before 
front AB, is a ftone wall, and the p;;f- 
;ges X, X are fliut up with fluiccs, to retain 
^hc water in the ditches in dry feafons, and 
■to prevent an enemy from dcftroying the 
fluice near the point c, whereby the water 
would run out and leave the ditches dryj 
^the redoubt y was built in the little illand 
tiard by, in order to cover.that fluice; with- 
out this precaution the place might be in- 
iulted from the river-fide, where the water 
is fhallow in dry feafons. 

Th= 
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fecure in ftormy weatlier, and in time of a 
ficge ; and as water-carriage is very advanta-* 
geous for tranfporting goods from one place 
to another, as likewile for bringing the necef- 
fary materials^ not only for buiKling the forti- 
fication, but alfo the place itfclf, the expences 
will be leflcned conliderabjy, when this coa- 
venicnce can be had; for which reafon, places 
fliould never be built any where elfc but near 
rivers, lalces, or near the fea ; excepting in ex- 
traordinary cafes, where it cannot be avoided. 
For the better underftanding this important 
part of fortification, we fhall give fome ex- 
amples of various kinds, from which the reader 
may gather the manner of fortifying others of I 
the fame nature, 

E X A M P L E I. 

PI.XXVI. We (l^all fippofe a river of 100 toifes or 
more hroad, and fuch as is always navigable, 
at \c:i\\ for finall vclfcls or boats, and the fi-* 
tuation to be fuch as to admit of a regular 
furtlf cution; the body of the place is a regu- 
lar c6ta:ron, and the flat fide next to the river 
cuts olf a fourth part from the circle, and is 
lengthened fo as to be 360 toifes; the per- 
pendiculars are 25 toifes only on this fide, and 
ull t!:c others 30 s the faces 50, and the flanks 

art 
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are found according to our method ; the great 
ditch is 16 toifes, and the raveHns are con- 
ilrudled as ufual ; ths lunettes L near the river, 
lave one of their faces perpendicular to the 
iddie of thofc of the adjacent ravelins, and 
le others are parallel to the flat fide ; their 
itch is 12 toifes. Within the flat baftiou 
bafon B, to receive (hips, 40 toiles broad,_ 
id its length is terminated by perpendicular 
drawn from the extremities on the ad- 
nt curtains, and a paffage is made in each 
flank of 10 toifes, for the fhips going in and 
out; thefe pafiages are fhut up with fluices, 
with a kind of a palfage over them, in order 
to have a free communication with the flat 
baflion, and from thence over the bridge into 
the fort G, on the other fide of the river. 

This fort is conftrudied in the following 
manner; from the faliant angle of the flat 
^ baftion, as center, defcribe an arc with a ra- 
dius of 200 toifes ; on which fet off two 
chords of 120 toifes each, for the exterior 
fides, the perpendiculars to which are 20, 
and the faces 35; the branches of this fort 
are perpendicular to the oppofite faces of the 
baftion; the ditch before this work is 12, 
that of the ravelin 8 ; and the ravelin as well 
as the flanks are conftruifted according to our 
N method. 
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method. The femi-gorges of the lunettes 
k arc 20 toifeseachj and the faces are, the 
one perpendicular and the other parallel to 
the branches of the fort; they fefve to cover 
the entrance into the bafon B, which might 
otlierwife he feen from thence ; the ditch 
before thefe lunettes is 8 toifes. 

The gorge of the redoubt H is 40 toifes, 
the flanks 10, the faces 30, and the ditch 
before it 6 ; this work ferves for fecuring the 
retreat when the fort G is taken ; and whilft 
the enemy is endeavouring to get mafters of 
it, the troops may retire in the dark over the 
bridge into the town. 

The market-place A is about 70 toifes one 
way, and 50 the other ; all the ftreets 6, which 
is rather too much for the by ones ; our defign 
is not fo much to give the particular dimen- - 
lions of them, as to lliew that they fhould bM 
perpendicular to the river, and crofs each othcB 
at right angles ; referving the reft for the praofl 
■ tical part of fortification. ^ 

The buildings C, C, are defigned for naval "" 
ftore-houfes, E a ftore-houfe for land fervice, 
D for barracks, and F are the bridges near the 
gates of the town. 

We have given the conftruiSion of the 

body of the place and ravelins only, without 

deter- 
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determining the reft of the outworks, whofe 
nuihber and capacities depend on the impor- 
tance of the place. It ought to be remem- 
bered, that it muft be better fortified near 
the river than any where elfe, it being the 
iveakeft part, as has been proved before. 

If the fituation does not admit of a regular 
fortification, then it rrtuft be conftrufled in 
fuch a manner, as to approach as near to it 
as can well be done, without being at an 
cxceflive expence ; and if there flwuld be a 
hill, or riling ground within cannon-fhot, 
which can fee into feme of the works, it 
muft either be fortified, or cavaliers are to be 
made in the oppofite baftions. 

It may fometimes happen, that the river 
forms a natural bafon for (hipping, or they 
may be made ferviceable by a little work; 
fuch an advantage is by no means to be neg- 
leded, a Itilful engineer will know how to 
ufe all the advantages which the nature of 
the ground affords, fo as to be faving in the 
cxpences, and to make the place in the moil 
convenient manner. 

The landing places may be made in the 
great ditch, near the curtains next to the river, 
if it is -thought proper; in fuch a cafe, part 
of thofe curtains may be left open, in order 
N 2 to 
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it will probably be attacked on the fide quite 
opporiie to the river, fome more works fhould 
be made in this place. 

Notwithftanding the booms and chains, 
which are to be laid acrofs the river, in the 
night and in time of danger, the enemy may 
find an opportunity to force his way through, 
whereby the place might eafily be taken. 
To prevent which a wall of 8 or lo feet high 
fhould be built along the river, with iron gates 
oppofite to the ftreete, fo as to be locked up 
at night. 

Example III. 

Places built near the fea are of the greati 
importance to a nation on account of trade? 
fo they require likewife the greatefl: care in 
the chuling their fituations, in fuch a manner 
as to be of the leaft expence in building, and 
the moft convenient for Hiipping. We fhall 
fliew how inch a place may be fortified, when 
the fjtuation is plain and even, and where 
there is no harbour formed by nature. 

This plan is a part of a regular decagon, 
four fides of which are cut off for the flat fide 
next to the fea, the perpendiculars to which 
are but 1 5 toifes i all the reft of the works 
afc conftrufled as ufualj as the plac 
.•p;^-^ weak© 
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weakeft near the fhore, we have added lu- 
nettes with bonnets, to make it nearly equal 
in ftrength there with the reft of the fides ; 
we have, added no outworks befides riavejiins 
and lunettes near the.waterfides, becaufe thcil: 
number and capacities depend on the impor- 
tance of the place. 

The bafons or harbours A, A, are 30 toifes 
broad and 80 longi and the entrance into 
them I o ; this we imagine might be fufikient 
for fhips going in and out : however, it may 
be made more or lefs, according as it will be 
thought convenient ; our defign being rather 
to fhew the figure, and in what manner it 
may be done in fome cafes, than to pretetid 
to give the exa6t dimenfions, which ought to 
be determined by experience, or according to 
the nature of the fituation. 

The channel or road C, leading into the 
bafons A, A, is 1 8 toifes broad, and muft be 
as long as the (hallow water goes ; B, B, arc 
two femi-circular forts to defend the entrance 
into the harbour, which being made of that 
figure, are better for defence on every fide. 
If thefe forts ftiould not be thought fufficient, 
one or two more may be made between thefe 
and the place, or on fome flats or faiids where 
the (hips cannot come top near. ' / 

N 4 The 
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The buildings D,D, are navaljftore-houfe^ 
E a ftore-houfe for land fcrvice, and F Hm 
barracks. 

The ftreets and other buildings are to be 
made nearly in the manner exprefled here in 
the plan j but the market-place might be 
made quite open to the fea, if it is thought 
proper. 

Wc fuppofe here in this plan, that there 
is no harbour formed by nature, for which 
-•^ reafon an artificial one is made ; but if there 

be any bay, creek, or large bafon, formed 
by the fea, pr a river, it ought to be ufed 
ind enlarged, if ncceff^ry, and fometimes 
moles are made to fonri a harbour, as at 
Gibraltar^ by which a great deal of labour 
and expences are faved. 

If a place is to be fortified in an ifland 
formed by the fea, and there is a navigable 
river, then the propereft fituation will be at 
its entrance, if the river is but fmall ; or a 
little way up in the land, if it is pretty large, 
fo as not to be in danger of a bombardment 
from the fca ; but it muft be obfervedf that 
here, an4 in all places of this kind, the con- 
veniency for making a good harbour, muft 
chiefly be confulted, whofe entrance {hould 
always be defended by two or more forts or 
l^atteries, placed on both fides of it. 

• it; 
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j It will alfo be proper to take particular 

notice, that if an enemy may land any where 

' thereabouts, the forts muft be built fo as to 

be every where equally flrong, in order to 

t be in a condition to refift^which way foever 

I they may make their attack , the want of this 

r confideration has often proved of dangerous 

confequencc, becaufe if thefe forts or batteries 

Lmay be furprifed, the harbour will lie open 

■ib tli« enemy, who therefore may enter 

^without any further danger, deftroy the fhips, 

' and take the town. It is by no means fuffi- 

cient to raife batteries in fuch places as cora- 

' mand the entrance of a harbour, without 

eonfidering likewife whether their conftnic- 

tJon is fuch as to anfwer the purpofe for 

which they are built, they will otherwife be 

of very little ufe in the defence of the place : 

if there fhould be but one or two inch places 

where an enemy may land, they ought to be 

fortified with fome fmall works ; but if there 

are feveral, it is much better to build two 

good forts, one on each fide of the harbour, 

near fome {hallow water, fo that the fhips 

may not approach too near, to prevent their 

being demolifhed by them. 

If a fniail ifland formed by a river is to 
tie fortified, care mull be taken to occupy 

the 
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tbe ;tdlo|B Jflaod, if poifible, in order that the 
ieroxks of the fortification may defend ercry 
jpart of tbo firnx-Iand, whereby the enemy wiU 
not be able to I^d any where without great 
danger and difficulty ; but if the iHand /hould 
be fo large, that the whole cannot be convc- 
mcntly fertificd, and fome parts arc acceffible 
and others not, the place {hould then be built 
in, the tnoft acceffihle part, and the others, 
jf not toO;inaoy, may be fortified with fmall 
forts, or' batterieG. 

If diere' is any lake of fome length, or 
■ which, difcharges its waters into a navigable 
river, a. place built near it will be very con- 
venienc for trade; although a lake has no 
communic^on: with the fea, or is not navi- 
gable, at leaft £br largediifs, yet- it inay be 
very ufeful for trading with the coootry round 
about ; the bignefs and ftrength of l^h a 
place muft, be according b> its importance. 

We have thus explained, in a few >ftords, 
the manner of fortifying places iituated near 
nayigable rivers, lakes, oi* the iea, which is 
far from being fufficient to give acompkat 
notion of the fubjeA ; it would require a 
whole volume to enumerate all. tl^e di^rent 
circumftances that may poflibly happen, ci- 
ther in refpe£i to the various iituations ibrc6ed 

by 
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by nature, the -conveniencies. required to f*ve 
expences, or their importance with regard 
to trafiick ; foj all thefe confiderations are to 
be maturely confidered and well weighed at 
leifure, before a^ undertaking of tlys impor- 
tance is put in execution. 

It would be ^ help to the reader, if a great 
many plan^ of places. already executed, were 
colledted ; . for by examining them with all 
the attention and care that is poflible, and 
not omitting the leaft circumftances, arifing 
from their different fituations or, nature of the 
ground ; as iikewife from the importance 
they are of either to protect or increafe trade ; 
and then taking notice for what reajfons works 
?ire made in fuch a manner in one cafe, and 
different in another, a right noi;ion might 
be formed of the fubjedt, fb as to be able tp 
proceed in any other cafe of the like nature. 
But as this would fwell the work too much, 
and draw it into a greater length than is agree- 
able to our purpofe, we fhall finifh this part 
with explaining the fituations of a few places . 
already built, to fuf.ply, in fome meafure, 
what is wanting to compleat the fubjed:. 

At Dunkirk is a bank of fand before the 
entrance into the harbour, nearly parallel to 
the fhore, which is an admirable defence 

againft 
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agtinft any bombardment; for when jfliips 
lie without it, they are too far from the place 
to do it any damage 5 and if they ihould ven- 
ture to go between this bank and the Qiore, 
there is ft fort built fo nigh, which would 
deftroy them, as not having fufficient room 
for working a (hip, fo as to turn about ; the 
channel leading into the harbour is pretty 
long, and defended by two forts on one fide, 
and three on the other, which makes it im- 
pradicable for an enemy to pafs through it. 
Another great convenience this port has, is, 
that there arc three rivers, coming from the 
inland country, which run into the harbour; 
ut their entrances arc fluices, which arc fhut 
up at high water and opened zt low, which 
carry out die mud and fand brought in by the 
lea, and thereby prevent the harbour from 
being choaked up. 

Whenever a fituation is to be found, that 
has thefe advantages, it (hould not be neg- 
Icvfted, lince it faves great expences in keep- 
ing the harbour always clear, and renders an 
attack by lea impracticable. 

Ofh'rui lies clofe to the fea, and the road 
Kuding into the harbour, which lies oppofite 
to the k\u paflcs by one fide of it ; but as the 
i'litiiUKV is very ditficult, and no wind but a 

north- 
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north-weft one will permit any Iliips to enter, 
and the town being liable to a bombardment, 
fuch a fituation as this is not to be ufed, ex- 
cepting other reafons occur for fortifying It ; 
this place has one advantage, that it cannot 
be attacked by land but on one fide only, 
which is along the (liore, becaufe all the 
other fides may be furrounded with water in. 
the time of a iiege, and therefore the acceffi- 
ble fide may be made fo ftrong, as to make it 
a difficult matter to take it that way. 

This notion has been found to be erroneous 
in the lafl: fiege ; for the French found means 
to place two batteries on the other fide of the 
channel that leads into the harbour, the one 
fired into the entrance of the channel, and 
the other diredly into the harbour. This 
laft battery being feen, from the face of the 
oppofite baftion, fomewhat oblique, where 
1 i. eighteen pounders were mounted, which 
would foon have filenced this battery, had 
the French not prevented it by tracing another 
epaulement parallel to, and about 20 yards 
behind the firli, .and making the embrafurcs 
of the laft in a line with thofe in the firft, by 
■which they could fire into the harbour, and 
they were covered by the firft epaulement 
againft the guns of tlie place. 

Antiih'i'P 
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Antwerp lies near the Scheldy and has nd 
other harbour than the river itfclf, which isf 
large and navigable for (hips of great burthen.- 
A citadel is built above the town, to defend 
it again ft an enemy coming by land, and be- 
low are feveral forts on both jQdes the river, 
to prevent an enemy from approaching it by 
water ; this place is fo happily fituated, that 
it was formerly the principal trading place 
of all Flanders and adjacent countries \ but 
afterwards, when the Dutch had (haked ofF 
the yoke of the Spaniards^ and the beft part 
of Flanders was fubjed:ed to the houfe of 
Aujlria^ the Dutch prohibited all the trade' 
of this place, and transferred it to their own 
dominions. 

By what has been faid with refpeft to this 
place, the reader may eafily perceive the great 
advantages it haS; and that few fituations de- 
ferve fo much notice to be taken of them a^ 
this. 

Boulogne is fituated near a creek going pretty 
far up the land, at the entrance of which is 
a bar difficult to pafs without a good guide ; 
and on one fide is a high hill which com- 
mands it entirely, fo that the place is fecure 
againft any attack by fea> for which reafon, 
fuch a fituation is not to be negled:ed. 

3 Dieppe 
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Dieppe is another place fituated' near the 
fea; the channel or entrance into the harbour 
is guarded by two piers or moles, which har- 
bour is nearly perpendicular to the fea, with 
a turning near the channel. 

The channel and harbour of this place 
feem to be very convenient, and as they are 
chiefly formed by nature, the cxpence of 
making them mnft be inconfiderable; but 
the place itfelf is fituated fo near the fea, as 
to make it liable to a bombardment, fuch a 
fituation (hould therefore be avoided, except- 
ing forts can be made fo as to prevent the 
approach of an enemy's fleet. 

The laft fea-port we rtiall mention is the 
famous one of Toulon, fituated in the Medi- 
terranean ; the entrance into the bay or road 
is large and fpacious, covered by a neck of 
land, and defended by three caflles, two forts, 
and fix batteries ; the road is fo large, that a 
whole fleet mav ride in it ; adjoining to the 
town are inclofed two large harbours fay piers 
or moles, the one for the king's fliips, and 
the other for merchant men ; the firfl: is much 
larger than the fecond, and its entrance is 
made in the form of a V open at bottoqi, 
by which the fliips are carried in gradually, 
without danger of running againft the piers. 

To 
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XXIX* To give an idea of this * harbour, whicll 
is certainly one of the fineft in ' Europe j we 
have reprefented the plan of the tov^n and 
harbour only in the 29th plate, though it 
would have been much better for the reader's 
infornaation, to have added the road and en- 
trance likewife ; but this could not be brought 
into fo fmall a compafs as to be inferted in ^is 
book, without rendering the parts indiftind. 
From this the reader may form a judgment 
how to proceed, if he fhould find himfelf 
employed in fuch fort of works : for nothing 
can be more inftrudlive than examples of 
works executed; the precepts only, without 
them, will never make fo ftrong an imprefSon 
upon the mind as is required in the execution 
of any projeft, which muft be perfeftly well 
underftood beforehand. Thofe that are cu- 
rious in feeing the manner of forming har- 
bours, may confult the fecond part of M. 
Belidors Archited: Hydrauliques, where they 
will find plans of the moft noted harbours in 
Europe. 

Before we finifh this fubjeft, we think it 
will not be improper to give the principal 

• N. B. This p^m has by miftake been reverfed by the 
engiaver; fo that the king's harbour", which appears on the 
rigiit, (houH be on the left. 

con- 
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tondltions required in a fea-port town, and 
Livhich ought to be obferved in the building 
guch places. 

Firft, the harbour is of tbe greateft im- 
lortance to all places of trade by fea ; it ought 
herefore to be well confidered, whether there 
l.one to be found, which is formed by na- 
fuch as a bay, creek, or a bafon, or if 
the help of a little labour one may be 
e; for to make one entirely by art, be- 
»mes generally too expenfive, and they caa 
iiever be made fo large, as to contain a con- 
ifiderable number of (bips; whether the road 
befwe the harbour has a fufficient depth of 
water for ihips of great burthen to ride in it 
fafely; whether there is good anchoring, and 
the Ihips may be fafe in ftormy weather, and 
cfpecially the fliips may enter by fuch winds 
as are moil dangerous upon that coaft; if 
the entrance can be defended again ft a ftrong 
fleet, by means of forts, caftles, or batteries 
built on each fide of it: and laftly, whether 
the Jlilps riding in the road and harbour, are 
iafe againft a bombardment. 

Secondly, whether the chief or principal 

materials for building the fortification and 

the town, are to be had near the place, or 

thereabouts j fuch as ftone, timber, lime, &c. 

O or 
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or if not, whether they can be brougfil 
by water, otherwife the conftrudtion of fuch 
a place would be attended with an immenfe 
expence; whether the country round about 
is plentiful in thofe things which are necefla- 
ry for the luftenance of men and cattle; for 
fliould it be barren, the bringing thefe ne- 
ceflaries from diftant countries, might be at- 
tended with great difficulties, efpecially in 
time of war, when an enemy might intercept 
them, and thereby reduce the place by fa- 
mine; whether the air is good and the fitua- 
tion wholefome in all refpefts, and good wa- 
ter to be found near or thereabouts j for if it 
fliould be unwholcfome, people would not 
care to fettle there, and thofe that would ven- 
ture, would neither increafe or ad with that 
fpirit and chearfulnefs required for the itn- 
provement of new fettlements; and as to 
good water, it is fo neceflary, that it is im- 
poffible to do without it; laftly, it fliould 
he confidered whether the country round 
about ic produces fuch commodities as are 
fit for trade ; how it may be improved, and 
where it may be tranfported to, either for 
fale or exchange, for fome others which 
may turn to account cither at home or 
abroad. 

AH 



iUk£^ 




OF FORTIFICATION. 

All thefe things being well confidered, to- 
gether with the nature of the ground, the 
plan of the place muft be made accordingly} 
in which the conftrudion of the works ought 
neither to be exceffive in the expence for 
building of them, nor yet fo fmall as not fuf- 
iiciently to defend the place, but fuch as the 
importance of the pl?ce requires, and the fi- 
tuation admits of. As there are few fitua- 
tions which have all the advantages which 
could be defired, care muft be taken to pitch 
upon fuch as have mod: of them, and where 
the reft may be fupplied partly by art. 

The moft favourable fituations for build- 
ing maritime towns are near the mouth or 
entrance of a navigable river, efpccially when 
jt is free from rocks and fands, and is of eaJy 
accefs for fliipping. In fuch fituations, the 
harbour may be made on the oppofite fide 
of the place, in refpeii to the fea, as at Of- 
iend, and fome other places. 

If the river is large, the place may be built 
at fome diftance from the fea, as Antwerp; 
and there is no occalion for a particular har- 
bour, the river itfelf being fufficient ; the only 
thing to be obferved is, that there may be 
ibme place, where Ihips may be fafe in ftormy 
weather; a hill er riling ground near the ri- 
O 2 ver. 
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ver, which (helters it from the moft datlgi 
rous winds, will be very advantageous J 
that purpofe. 

Thefe fituations near large navigable rivers^ 
not too far from the lea, are the moft advan- 
tageous that can be found ; for they have aK 
the advantages of a fea-port town, and are nol 
liable to be attacked by an enemy's fleet, i 
are abfolutely 'free from bombardment, 
cepting by land> fince a few forts built 
the turnings of a river will be fudicient td" 
prevent any attempt that way ; befides, the 
merchandife brought by water may be car- 
ried into the country to foreign markets wi^ 
little trouble, and no great expence. 

As the greateft wealth of a country dd 
pends on traffick by fea, fo there is nothlr 
of £o great confequence, as the well proted 
ing it, by building proper harbours to coij 
tain fiiips in fafety, and to make them fo thfl 
they may be defended againft the force 
flratagem of an enemy; proper landing-placi 
fhould not be omitted, nor good magazinw 
and convenient ftore-houfes to lodge 
goods in, and in general, every thing fliouli 
be thought of that any ways may contribufl 
to eafy conveyances, and the proper difpo 
ing of them. But as nature is fo various 
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its operations, that it is impoffible to fcrefee 
all the ditferent circumftances which may 
happen, fo it is likewife impoflible to de- 
fcribe them, and confequently the choice of 
a proper iituation, and the manner of con-f 
ftrudting fuch a place, according to its import- 
ance, muft be referred to the fagacity of the 
engineer employed in the undertaking, who 
certainly can have no larger field to difplay 
his knowledge, than on fwch occafions. 

Of Citadels. 

In a country newly conquered, or one of 
a long ftanding, where the inhabitants are 
fufpeded of being difafFedted to the govern- 
ment, citadels are built to keep them in awe, 
and prevent all attempts they may make to 
fhake off their dependency j as likewile to 
fecure the garrifon from their treachery, 
which they might be willing to undertake 
againft them. 

It happens likewife fbmetimes, that whcni 
a town is large and wealthy, and has httle 
or no fortification, a citadel is built to fecure 
it againft an enemy, when it would be too 
cxpenfive to fortify the town itfelf; and to 
ferve for a place offecurity, to carry in the 
beft effeds of the inhabitants in lime of dan- 
O 3 ger. 
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ger, when the approach of an enemy is apt 
prehended. 

There are many fuch places in ^aj^', 
which are large and wealthy, the fovereigns 
of which not being in a condition to fortify 
them, build citadels or caftles to fave ex- 
pcnces ; as likewife to fave large garrifons to 
guard and defend them. 

In regard to the fitnation of a citadel, if the 
town lies in an open country, it ought to be 
built on the higheft part of the ground, in or- 
der to command all the parts of the town, if 
poflible; if the lownlJei near a navigable ri- 
ver or lake, it (hould be placed near the en- 
trance, to prevent the approach of an enemy 
with fijips; and if the place is a fea-port, the 
citadel fliould he placed near the harbour, fo 
as to command it from one end to the otherj 
that it may proted the ihips lyirtg in it» and 
fecure the place againft any bombardment. 

Another confideration ihould be had in 
placing citadels, with refpetS to the town ; 
which is, that the principal ftreets of the 
AQlfl be feen and lie open to the 
: citadel, in order to fire on them^ 
mob that might rife ami 
ae of fedition; as like^ 
approach of an enemy 
^ town is taken. 
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I An open fpace, of fome hundred yards 
I broad, fliould be left between the works ot 
I the citadel and the town, called an EJp/a- 
f nade; which ferves chiefly to draw up the 
troops or garrifon, to mufter and exercUe 
them there ; as hkewife to prevent any hid- 
den approach that might be carried on from 
the town againfl: the citadej. 

(The figure of a citadel may be eitlier a 
fquare» pentagon, or exagonj but the pen- 
tagon is mqft proper, and generally ufedj 
the exagon being rather too big for that pur-* 
pofe, as requiring too great an expefice in the 
building, in proportion to its qfe, or the ad- 
vantage arifing from it; and the fquare is 
thought Coo inconiid^rate for n^aking a fuffi- 
cient defence. 

When a citadel is to be built, cither to an 
old place already fortified, or to a new one, 
its plan is to be traced by itfelf on a piece of 
paper, and upon the lame fcale as that of the 
town ; then the paper is cut off" on that fide 
which is to be next to the town,' quite clofe 
to the edge of the works, and is laid on that 
of the town in fuch a manner, that the ditches 
and works of the fortification are well flank- 
ed and enfiladed by the works of the citadel j 
and when it is placed according to its proper 
O 4 fitua- 
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fituatlon, it is pricked off, and drawn upon 
the lame paper as that of the place. 

It happens fometimes that there is a hill, 
or rifing ground, within the fortification of 
the place, on which the citadel is built; fuch; 
iituations mayferve to keep the inhabitant! 
in awe, if it is provided with neceflaries, tha 
the garrifon may defend themfelves, till fud 
time that a relief may be fent; but they a 
of no manner of ufe againft an enemy, wht 
after being in pofleflion of the town, may eafilj 
reduce the garrifon in the citadel by famine.' 

The exterior fides of the citadel are ge 
nerally about 150 toifes; but they may i 
more or lefs, as occafion requires. ParticuJ 
lar care muft be taken, to fortify the citadc 
ilronger than the town, otherwife the eqe 
my might attack it firft, and by the help 
which reduce the town j it muft alfo be ob 
-ferved, to make the parts where the citadc 
joins the town fufficiently ftrong, otherwifi 
the town and citadel might be attacked t 
gether. Moft citadels that I have feen 
defeiftive in that refped, as we {hall Qiefl 
hereafter. 

There are generally two gates made to i 
citadel, the one for a communication witl 
the town, and the other with the country 
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Srft ferves for the garrifon to retire into, 
afe of a iedition, or after the town has 
tulated, and the other to receive I'uccour, 
n the town is taken, or the citadel is 
iked up by the inhabitants. 
The citadel takes up generally two fides 
he fortification, and ought to be placed 
jch a manner, that the ditch of the place 
■ either be defended by the feces of the 
ions, or by thofe of the ravelins, in as di- 

a manner as poffiblci otherwiie the ene- 
may attack the town in that place, as bc- 

weakeft ; as likewife becaufe the fame 
:ks may ferve to reduce both together. 
; covert-way of the citadel ought to be 
iterrupted, fo that the part next to the 
n may have a free communication with 
other. 

n general, a citadel fhould be conftrufted 
uch a manner, that an enemy may have 
advantage where -ever they make their 
cksj and that, if the citadel is attacked 
, it may coft them as much time and 
ble, as the attacking the town firft, and 
citadel afterwards. 

'here are few citadels, that, in my opi- 
I, are rightly joined to towns; the de- 

te ditch is -generally fo oblique 
and 
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and infignificant, that it appears ftrange they 
are not attacked there; that of Lille is one 
XXX. of this kind. For the raveUii A cannot de- 
fend the oppofite ditch in the Jeaft tnanner, 
nor is there any other work that can, ib that 
if the town was attacked in that place, the 
befiegers would meet with very little obftacle 
in the paflage over this ditch ; neither does 
the baftion B defend the oppofite ditch, 
which can be done only by the oppofite co- 
vert-way, from which the troops may eafily 
be driven by the ricochet batteries. 

This plan is as the citadel has been built 
at firft, but at prefent the fecond ditch and 
covert-way towards the town have been taken 
away, and new counterguards have been built 
before all the baftions; and retrcnchmentg 
have been made in the faces of thefe coun- 
terguards: which is a praiflice the French 
follow in all the counterguards and tenaU- 
lons, whether conftrudted already, or whea 
they make new ones. 

The citadel of Tournay ie another inflance 
of this kind; for neither the ravelin A, not 
the baftion B, can afford any tolerable de- 
fence to the oppofite ditches; and as they 
are both dry, they are liable to ferve an ene- 
my for making their trenches in them und( 
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del J by which all the great works abont ths J 
reft of the town would not be of the leaft ufe^ 

Before wc ijnifli this fubjecft, it will pe« 
haps not be improper to fay fomething ferth 
of citadels in general. When they are bujJ 
with an intention to keep the inhabitants, 
are difaffeded to the governipent, in aH( 
irethinks they need not be fortified fa ftronJ 
ly as is cuftomary i for if the garrifon can onf 
hold out till fuch time that fuccour may I 
fent, it would be fufficient : for which realbj 
if the town is fortified, by cutting off two baj 
tions only, with fome good retrenchmcnM^ 
jt would anfwer the ends propofed as well, 
as the adding another fortification of fo great 
expence, as is moft co^imonly pradliled: 
and as thefe fupcrnumerary fortifications add 
but very little fl:rength to the place in pro-r 
portion to the expence, it appears to me, th^t 
if u part of that expence were employed in ad- 
ding more works to the town itfelf, it would 
be of more advantage. 

The little defence made in the late war, by 
the citadels of Lt'/Ic and Tournay, fliould, one 
would think, cure a prince of making thefe 
forts of works fo expenfive; but there feems 
to be a neceflity of following the fafhion in 
fortification as well as in drefs, to avoid appear- 
ing ridiculous. 

It 
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It may be faid, that the want of a good 

rifon, ammiinitior), and other neceflaries, 

tos the occafion of the ihort defences thefe 

Ijro citadels made : it may probably be, that 

tey were obliged to furrender fomcwhat fooner 

1 this account. But if a large town is able 

Ifo Jiiake as long a defence as there is any am- 

fjnunition and troops to defend it ; there feems 

«o be not the leaft occafion for any more works, 

which can but little increafe the ftrength of 

^the place. 

Eefides, it is manlfeft, by what has been 
faid before, that a fmall place ever fo well for- 
tified, and provided accordingly, can never 
make the defence, which a larger may do with 
lefs works in proportion. 

Of Forts and Redoubts. 
Forts are a kind of fmall fortifications, PUti; 
built in order to guard fome paiTes, in a moun- 
tainous country, or near caufewavs, rivers, 
and other fuch like places. Their figure and 
bignefs are various, and depend chiefly on 
the nature of the fituation, and importance of 
the place : fometimes they are only made 
triangular, as in the firft figure, with half Fig. i. 
baftions ; but this fort is very imperfect, be- 
caufc the faces are not feen or defended from 

any 
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any other part. If inftead of being fermi-» 
nated at the angle, they were diredcd to i 
point within about 20 toifes from it, thej 
would be much better, as being then defend- 
ed by that length of the rampart, though vciy 
obliquely. There lliould be a ditch of 8 or lO 
tpifes about this fort, although we have not 
marked it in this figure. 

Sometimes they are made as in the feconi 
figure, that is, triangular, as before, but in- 
flead of making half baftions at the angles, 
whole ones are placed in the middle of the 
fides. The gorges of thefe baftions majf 
be from fio to 24 toifes, when the fides are 
from I op to 1 20; the flanks are perpen- 
dicular to the fides from 10 to 12 toifa 
long, and the capitals from 20 to 24 : if the 
fides happen to be more or Icfs, the parts of 
the baftions are likewife made more or left 
in proportion ; the ditch round this fort may 
be 10 or 12 toifes wide. 

The ramparts and parapets of thefe forti 
of works are commonly made of tn-f, r--i 
the outfide of the parapet fraifed j t: 
row of palifades are placed i n abcn! t;i: 
middle of the flope, in 
fier, the points ded 
' avards. that tb 
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pen them, may roll down into the ditch : 
if the ditch is dry, a row of palifadea 
ould likewife be placed in the middle of it, 
I prevent the enemy from pafiing over it 
bperceived, and to fecure the fort from any 
(Tprife. 

^ Forts are moft commonly made fquare, as Fig. 3, 

: the third figure; at leaft, when the pafs 

are to guard is of any confequence, or 

c place may eafily be approached ; the fides 

this fquare are 100 toifes, the perpendi- 

■lar 10, and the faces 25; the ditch about 

i fort may be from 10 to 12 toifes ; the 

ptrapct is to be made of turf, and fraifed, and 

; ditch palifaded when dry. There may be 

ade a covert-way about this fort, or elfe a 

r of palifades might be placed on the out- 

; of the ditch. 

iThey are often made of various figures, 

tilar or irregular, fometimes in the form 

fa femi-circle, efpecially when they are fi- 

pated near a river, fea, or at the entrance of 

tiarbour j by which figure, they are able 

■re at the (hips on all fides of it j at others 

I long fide, and feveral fmall ones with- 

ttftions ; this ftiould however not be 

t when they cannot be approached, 

ch time and difficulty : fbr it is 
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not fuppofed that any fort can hold out lorij 
againft a I'uperior force provided with artillery; 
their intent is only to prevent parties of aa 
enemy to pafs that way, and to ftop themfoi 
fome time till they may be fuccoured. 

When a fort is to be built in the reck e 
land, formed by the confluence of two rivers 
or in the windings of a river, in order to preJ 
vent an enemy from tranfporting any thing 
by water, or to prevent the pafiing of theJC 
fliips that way ; the figure of the fort muft bcf 
adapted to the fituation, in fuch a manncfi 
that there may be no place for landing troops, 
but what can be difcovered by the fire ( 
fome work or other, and the fide next to th 
land fliould always be better fortified than th| 
other parts near the river j as being more liabl 
to be attacked. 

The fourth figure reprefents fuch a fori 
three fides of which are 100 toifes eac] 
and the fourth but 50, as fuppofing tM 
ground to be narrow in that place ; the per- 
pendiculars to the greatefl fides are 14, and_ 
the. faces 30; the perpendicular 
10, and the faces 15 : the capitals of the ra^ 
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great 



ditch 1 2 ; that befo< 



the ravelin 8, and the 



covert-way 4. or 



The narrow front towards the land is coven 
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by a horn-work, whofe front is at the 
diftance of 36 tpifes from that of the fort, 
and 90 long, the perpendicular 12, faces 25, 
and the branches 10 toifes bro^d at their 
extremities 5 the capital of the raveUn before 
this work is 22 toifes, the ditch before the 
horn-work 8, and that before the ravelin 
6or7. 

We (hall add another example of this kind, 
fuch as is reprefented by the fifth figure : 
^e land is fuppofed to open gradually ; for . 
which reafon ^ fides are 100 toifes each, 
and the fourth 160; the perpendiculars to 
jhe fhortefl 12, and the faces 30; that tp 
the greatefb 20, and the faces 45 ; the ditch 
before the three fhort fides is 12, and i'8 
jbeforje the greateft. The capital of the . 
ravelin is 4)6 toifes, its ditch lo; the faces 
lof the lunettes ^are at right angles to thofe 
of the ravelin, and fall within 16 toifes from 
the faliant angle; thefe faces are 25 toifes ' ' 
long, ai>d ,the others are perpendicular to 
thofe of the baflions ; the narrow part of the 
bonnet is 10 toifes> and the faces are per- 
pendicular to thpfe of the lunettes,. or parallel 
to thofe of the ravelin; the ditches beipre 
Jthe lunettes and bQnpet are 3 toifes, and the 

covctt-v^ay 4* 

P There 



£id THE ELEMENTS 

There are generally great faults committed 
in the conftrudlions of forts near the lea, ox* . 
navigable rivers, for want of rightly con- = 
fidering all the different circumftances at-* ' 
tending thefe forts of works, and without 
which it is impofiib^e that a work will evcf 
anfwer the intents and piirpofes for which 
it was built. For inftance, if a battery of 
fort, built near the water where (hipS m^: 
approach, has its parapet not of i fufficient" 
height; thofe behind them may be fired , 
Upon, from the round- top of the maft, by | 
which the gunners are obliged to abandon i 
their gunSj to fave themfcJves by flight; ■ 
and fo thefe forts or batteries become of little i 

■ 

or no ufe. i 

• 

This was the cafe at Portobelloy when at- 
tacked by Admiral Vernon ; for the forts and 
batreries, which were deligned to defend the , 
harbour, had been made fo low, that the fhip$ 
could come quite clofe to them, and the 
troops in them were foon obliged to take to 
their heels a.id run away. 

There is generally another fault commit- 
ted, which is, that if thefe forts or batteries 
are left open behind, or are very little fortified 

wards the land, the enemy may land men 

le dark and furprife them, by which thfe 

4 gum 
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guns placed in them become not only ufelefs 
to the place, but fervc rather to deftroy it. 

At Cartiagefia the Spaniards had a fafcine 
battery on the other fide of the entrance into 
the harbour, oppofite to the camp, by which 
they prevented fliips from going in ; failors 
were fent to take it, which was foon per- 
formed ; but being fatisfied with driving only 
the Spaniards from it, they were obliged to 
take it a fecond time to nail up the guns. 

The fame thing happened laft war at Cape 
Bretojiy where the French had a battery of 15 
large pieces of cannon j which the Englijh 
furprifed in the dark, and turned the cannon 
againft the place, whereby they became foon 
mailers of it. This fort was quite open 
behind, which being furprifed by the failors 
in the night, as we faid, turned the cannon 
againll: the town and took it. Whereas if this 
battery had been fccured in a proper manner, 
we might perhaps not have been able to take 
it, or at leaft it would have lengthened the 
fiege coniiderably. Many examples might 
be cited of this kind, to fliew, that the want 
of judgment in building thefe forts has 
proved a detriment, inftead of an advantage, 
to the places which they fliould have de- 
fended. 

P2 To 
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To prevent the ioconveniency ' of hdt^ 
£tca behind the panpet^ it will be neocffiuj 
to wake them 9 or lo feet high, and ft> cover 
the batteries overhead, whidi may be dooe» * ' 
by w^>t ; *ng an arch over every piece, left bfOi 
behind to let out the finoak; hot if thh 
ihoiild be thought too expenfive, tfaey might 
be covered with planks, like iheds^ and to 
prevent the wood being fet a«fire^ diey may 
be covered with earth or dung abCNit a &ot 
ludd a half thick : for if it is bot flrgng (^noug^ i 
|o rcfift miiikct-ihot it is ibfficieot. 

And to prevent a fort or batteiy beiiig fhr« 
prifed, they AiouU be fbrdfied dl roond widi 
^ good rampart and ditch at leaft, or with aa 
luldition of outworks, if die place is of aigf 
importance; the rampart muft be &aiie4 
with paliiades, if it is made with turf, and 
the ditch fhould have a row of palifades, 
planted in the middk of it, in cafe it is dry } 
which will prevent an enemy approaching 
unperceived. 

It has been the cuftom, in latter times, 
for fliips to approach forts and dcftroy then^ 
without any concern, as knowing too wcU 
the little danger they expole themfelves to | 
and this has been occaiioped by their bkd 
^onfti'udlion i whereas, if they were Baade 
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asthey fhould be, it would not be impoflible 
to fink every (hip tbat fhould dare venture 
to come near them. The reafon of this is 
plain, if we confider the uncertainty there is 
to fire from a fiiip which is in a continual 
motion, and that a battery, covered with a 
good parapet, may watch the opportunity, 
when the fhip Comes near and oppofite to it, 
and fire all the guns at once, pointing nearly 
at the fame place a little above the water* 
which will hardly fail of deftroying it» 

On the contrary, if the guns of the fhip 
hit the battery by chance, they can do it but 
little or no damage, when the parapet is well 
_ made. 

There are fome who are of opinion, that 
fhips will always be able to deflroy a fort, 
on account that they have more guns within 
a lefs ccmpafs than any battery on land can 
have i and if the contrary happens, it is more 
owing to the cowardice of the commander, 
than to any thing elfe: but this is a wrong 
notion, as we (hall make appear. For fup- 
pofe a firJl rate man of war, which has three 
decks, and therefore may have perhaps four, 
five, or fix guns to one ; the chance of hitting 
the battery, on account of the fhip's motion, 
is not above three to one ; and when the fhot 
P 3 flrikes. 
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ftrikes the parapet, it can do it but very little 
damage, excepting it fhoiild hit a gun by 
chance, which it would difmount; but this 
is not fo eafily done, confidering the finall- 
nefs of the gun with regard to their intervals; 
it is certain not one gun in 30 will hit; 
- whereas the battery may watch the opportu- 
nity, fo as when the fliip comes near and 
oppofite, to make a general difcharge with 
all the guns, where there will be not one 
that miffes, and every fhot will make its hole 
into the fliip, and deftroy ail things that are 
in its way. From whence it may be con- 
cluded with juftice, that iliips are never able 
to deftroy any fort, when it is conftrufted 
in the manner it fliould be. 

If the nature of the ground is fo as 
admit of making two batteries, one abovt 
the other, it (hould not be neglefted; th 
one nearly a level with the furfacc of thd 
water, to fire in a horizontal direction, ani 
the other to plunge into the fliipsj fo thai 
if the troops are placed on the lower, beii) 
well protefted in the front by a high parap- 
and covered above with arches or plankfc 
it will not be in the power of fliips to de 
ihem, as has been done heretofore. 
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If there are any flats of fand, or rocks, near 
or within the entrance of a harbour, it will _ 

be very proper to build fome tower or fort ■ 
there of feveral flories well arched, fo as to " 
be bomb proof, in order to place feveral ranges 
of guns in them; but as the fmoak might be 
troublefome in the lower flories, I v^fould 
make it open in the middle, that is, I would 
make two concentric walls, fo that the arches 
of the roofs of the lower ftories might be 
quite open behindj and in cafe the enemy 
fliould throw fhells, and hit the upper battery, 
it might be fo contrived, that the (hells may 
roll down the opening in the middle without 
doing any damage. 

Fort Si. Louis, in the road before the har- 
bour of Toulon, is fuch a work, of a round 
form, built upon a rock within the water; 
and the towers called EgUlette and Vignette^ 
are places of the lame nature in a fquare form, 
built upon the necks of land on both fides of 
the mouth of the road. 

It is the cuftom of fome modern engineers, 
when they build any fort or battery near the 
fea or navigable rivers, to make a parapet of 
three feet high only, in order to fire the guns 
en barbct; the reafon they give for this prac- 
tice is, rfiat they may point the guns v^'hich 
P4. way 
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way they pleafe, either down the river, to 
prevent the {hips from approaching, deftroy 
them when they are oppofite, or fifing after 
them in cafe they fhould pafs. However 
fpecious thefe reafons appear at .firfl, yet 
when it is rightly confidered, it wilt be found 
that this practice is not fo advantageous as 
they imagine. For if they fire at the fhips 
when they are yet far off, they can do them 
but very little damage; and the advantage 
gained thereby will not by far be equivalent 
to the danger they will themfelves be ex- 
pofed to, when the fhips come near; iince 
one bread fide, together with the fire of the 
fmall arms, will be fufficient to kill or dif- 
able all thofe which are on the battery. On 
the contrary, if the batteries are well covered 
in the front by a good parapet, and above by 
planks, or only fail-cloth, and made in fuch 
a manner, as that fome guns may be direcfted 
down the river, and others upwards; this 
battery will have all the advantage which 
they can pretend to gain by their practice, 
and none of its difadvantages. 

Anorh;.r method is alfo ufed In forts, 

much more defective than this, which is, 

to build the parapets of brick or ftonc only, 

without any earth behind it; for as foon as 

^^ the 
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the-fhips coirie once within reach of the fort 
or batteries, they may eafily deftroy this para- 
pet, and the pieces of ftones or bricks will 
be more dailgerous to the defenders than 
the enemies fhot itfelf. And it has been found 
by experience, that nothing diflieartens troops 
placed behind a wall fo much as the pieces 
of ftone flying about their ears, and therefore 
fuch a pradlice fhould be avoided as much as 
poffible ; befides, the adding i o or 12 feet of 
earth only to the wall will be but a trifling 
expcnce, and yet fufficient to proted the troops 
from this danger. 



Having explained the methods of the moft 
celebrated authors, and carefully examined 
their conftrudiofts, to the beft: of our judg- 
ment, without the leaft partiality, we hope to 
have done all that is necefl!ary to compleat the 
elementary part of fortification j which being 
well underft:ood, will, I hope, be fufficient 
for underftanding the fubjed. And to leave 
nothing that might any ways contribute to 
the reader*s fatisfadion, we fh^U fubjoin the 
following Explanation of the principal terms 
ufed in fortification^ by way of a Didionary, to 
which recourfe may be had, when there is any 
occafion for it, 

j4n 
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An Explanation of the principal terms 
ufed in Fortification^ digefied in an 
alphabetical manmr. 

A. 

jfNGLE of the center of a polygcuii 
^^ is formed by two radii drawn to the ex- 
tremities of the fame fide. 

Angle of the polygon, is made by the con- 
courfe of two adjacent fides of a polygon. 

Angle of the flank, is made by the curtain 
and the flank. 

Angle of the flioulder, is made by the face 
and flank of the baftion. 

Approaches y are a kind of roads or paflages 
funk in the ground by the befiegers, whereby 
they approach the place under cover of the fire 
from the garrifon, 

ArroWy is a work placed at the faliant an- 
gles of the glacis, and confifts of two parapets, 
each 40 toifes long ; this work has a commu- 
nication with the covert-way of about 24 or 30 
feet broad, called cappnier, and a ditch before 
it of 5 or 6 toifes. 

AJJaulty is a fudden and violent attack, made 
uncovered, on the part of the rampart where 
g breach has been made, 

4h 
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Attacky is the manner and difpofition made . 
by an army or a great party, to drive an enemy 
out of a fortified place, or of any kind of ftrong 
fituation, 

B. 

Barbet ; when the parapet of a work is but 
three feet high, or the breaft-work of a battery 
is only that height that the guns njay fire over 
it without being obliged to make embrafures> 
it is faid that the guns fire in barbet. 

Bajliony is a part of the inner inclofure of a 
fortification, niaking an angle towards the 
field, and confifts of two faces, two flanks, and 
an ^opening towards the center of the place 
called the gorge. 

A baftion is faid to be full, when the level 
ground within is even with the rampart, that 
is, when the infide is quite level, the parapet 
being only more elevated than the reft. 

And a baftion is faid to be empty, when 
the level ground within is much lower than 
the rampart, or that part next to the parapet, 
where^ the troops are placed to defend the 
baftion. 

Banquette^ is a kind of ftep made on the 
rampart of a work near the parapet, for the 
troops tQ ftand upon in order to fire over the 

parapet j 
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parapet ; it is generally three feet high, and 
as many broad, and 4f feet lower than the pa* 
rapet. 

Battery y is a work made to pkce gans of 
mortars on it; it confifts of an epaulement or 
breaft-work of about 8 feet high, and 18 or 
20 thick : when it is made for guns, openings 
or embrafures are made in it, for the guns to 
fire through them. 

Berm^ is a little fpace or path of 6 or 8 feet 
broad, between the ditch and the parapet, 
when it is only made of turf, to prevent the 
earth from rolling into the ditch, and ferves 
like wife to pafs and repafs. 

Blindj is two flicks faftened together by two 
fpars of aboiit 4 feet afunder ; they ferve to 
cover the faps, or to keep up the earth on the 
fide, by placing fafcines behind them. 

B/ockade, is the encompafiin^ a fortified 
place with an army, fo that it muft cither be 
ftarved or furrendcr. 

Body of the place ; although the buildings 
in a fortified place are properly faid to be the 
body of the place, yet the inclofure round them 
is generally underftood by it : for it is faid, to 
conftru6t the body of the pkce, which means 
no more than to fortify or inclofc the place 
with baltions and curtains. 

Bombs, 
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Bombs, is the name of the ftilps which carry 
mortars. 

Bombardment, is when a great number of 
fhells are thrown into a place; to ruin and de- 
ftroy the buildings. 

Bonnet, is a^ort of work placed before the 
faliant angle of the ravelin to cover it. 

Barracksy are thofe piles of buildings made 
on purpofe to lodge the foldiers in them. 

Breach, is an opening made in a wall or 
rampart, with cannon or mines, fufficiently 
wide for a body of troops to enter the works, 
and drive the belieged out of it. 



Capital of a work is an imaginary Una 
which divides that work into two equal and 
fimilar parts. 

Capitulation,'i% the agreement made by the 
belieged with the befiegers, on what conditions 
the place is to furrender. 

Camp, is the fpot of ground occupied by an 
army for a night or more, and where they 
pitch their tents. 

Caponier, is a paflage made from one worl? 
to another, of lO or 12 feet wide, covered oq 
each fide by a parapet, terminating in a Hope 
or glacis. 

Thus 
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Thus when the ditch is dry, the pa/lage 
from the curtain to the ravelin, or that from 
the CO vert- way to the arrows or detached re- 
doubts are called caponiers. 

There are often (ingle parapets raifed at 
the entrance of the ditch, before the ravelin, 
to place fmall cannons and men behind them> 
to difpute the paiTage over that ditch, which 
are like wife called caponiers • 

Cavalier f is a work raifed generally with- 
in the body of the place, ten or twelve feet 
higher than the reft of the works. Their 
moft common fituation is within the baftion, 
and made much in the fame form; fome- 
times they are alfo placed in their gorges, or 
on the middle of the curtain ; they are then 
made in the form of a horfe-flioe, only fome- 
what flatter. 

The ufe of cavaliers is to command all the 
adjacent works and country about it; they are 
feldom or never made but when there is a hill 
or riling ground which overlooks fome of the 
works. 

Cajhnaty is a work made under the ram- 
part, like a cellar or cave, with loop-holes, to 
place guns in it. 

Chamadc ; when the governor of a place 
bcfjcged wants to capitulate, then the drums 

beat 
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)btat on the rampart next the attack^ which is 
called chamade. 

Qhevaux de Prize ^ are large joifts or beams 
ftuck full of wooden pins armed with iron, to 
flop breaches, or to fecure the paiTages of a 
camp againft the enemy's cavalry. 

Cevert^'Way^ is a fpace five or fix toifes 
broad, jgping quite round the works of a for- 
tification, and is adjoining to the counterfcarp 
of the ditches, covered by a parapet 7 k feet 
high, terminating in an eafy flope towards the. 
field, at a diftance of 20 toifes, ' 

Center of the bajiion, is the point withia 
where the two adjacent curtains produced in- 
terfe€l each other. 

Citadel^ is a kind of fort or fmall fortifica* 
tion of four, five, or fix fides, joined to towns, 
when the inhabitants are fufpedted to be difaf- 
fedled to the government. 

Command', when a hill or rifing ground over- 
looks any work of a fortification, and is within 
the reach of cannon-fhot ; this hill is faid to 
command that work. 

Chamber y is that place of a mine where the 
powder is lodged. 

Countermines, are the mines made withia 
the fortification, either at the fame time the 
phcc is fortified, or afterwards in the time of 
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Counterfcarp, is the outfide of a diCcfa, 
oppofite to the parapet of the work behind 
the ditch : it is often faid, that the befiegers 
have carried their lodgments upon the coun- 
terfcarp ; which means, they are lodged on the 
covert-way. 

Caunterguardt is a work placed before the 
baftions to cover the oppoGte flanks from 
being feen from the covert-way : they are 
likcwife made before the ravelins. 

When they are placed before the baftions, 
they are cftcemed to be of a very good de- 
fence. 

Crcwn^worki is a kind of work not ujilike 
a crown ; it has two fronts and two branches; 
the fronts are compofed of two half b^itions J 
and one whole one ; they are made before t 
curtain or the baftion, and generally icn 
to inclofe fome buildings which cannot 
brought within the'body of the place, or 
cover the town-gates, or elfe to occupy a fp^ 
of ground which might be advanla^ous to i 
enemy. 

Cordon, is a round proje6:ion made orftone, 
I -'■'Tcular form, whofe diameter is 
which reigns quite round 
fowr feet from the upper 

Curiam, 




i 
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Curtain, is the part of the body of the 
place, which joins the flank, of one baflion 
to that of the next. 

Cuvetie, or rather Cuneitey is a fmall ditch 
of lo or 12 feet broad, made in the middle 
of a large dry ditch, ferving as a retrench- 
ment to defend the ditch, or elfe to let wa- 
ter in it, when it can be had in the time of 
a fiege. 

Counts forts, or ButtreJJis, are folids of 
mafonry, built behind walls, and joined to 
them, at i8 feet diftance from center to 
center, in order to ftrengthen it, efpecially 
when it fuftains a rampart or terras. 

Communication, is a paflage from one work 
to another, covered by a parapet on each lide. 
See Caponiers, 

D. 

Decagon, is a polygon or fortificatioil 
ten fides. 

Demi-lune, or RaveHn, is a work placed 
before the curtain to cover it, and prevent 
the flanks from being difcovered fideways; 
it is made of two ^ces meeting in an out- 
'Vard angle. 

Detached Bajiion, is that which is fepa- 

ratcd from the reft of the body of the place, 

Q, and 
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and is made in the fame manner as thofe 
which are joined to the body,. Counter-* 
guards with flanks are alfo called detached 
baftions, as in M. Vaubans fecond and third 
methods. 

Detached redoubt^ is a work made at fome 
diftance from the covert-way, much in the 
fame manner as a ravelin with flanks. ^ 

Ditcbj is a large deep trench made round 
each work, and the earth dug out of it, fervcs 
to raife the rampart and parapet. 

Dodecagon^ is a figure or fortification of 
tv/elve fides. 



E. 



Efcarpy is properly any thing high and 
fteep, and is ufed in fortifiAtion to exprefs 
the outfide of the rampart of any work next 
to the ditch, as being high and fl:eepu 

Embrafuresy are openings made in the 
flanks of a fortification, or in the breaft work 
of a battery, of about 2I feet within, 8 or 
9 without, and three from the bottom, for the 
guns to enter partly, and to fire through. 

E?ifi!aife, a work is faid to be enfiiaded, 
when a gun may fire into it, fo that the 
fliot may go all along the in fide of the pa- 
xaoct. 

Epaule-^ 




bF Fortification: 

Epau/ement, is a kind of breaft-work to 
tover the troops in front, and fomctimes in 
flank. 

In a fiege, the befiegers raifc generally an 
epaulcment of 9 or io feet high, near the 
entrance of the approaches, to cover the ca- 
valryi which is placed there to fupport the 
guard of the trenches. 

Ejpianade, is an open fpace between the 
citadel and town* to prevent an enemy from 
making approaches under cover, after he is 
mafter of the place* 

Emzeagon, is a nine-iided figure or fortifi- 
cation. 

Eptagoiit a feven-fided one* 

Exagon, a fix-fided one. 

Exterior fide of a fortification^ is the di- 
ftance or imaginary line drawn from one 
point of the baftion to that of the next, 

F. 

Faces, of the baftion, are the two fides 
which meet in an angle projecting towards 
the field. 

Faces, of any work, are thofe parts where 
the rampart is made, making an angle point- 
ing outwards. 

Qja Fqfcine, 
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Fafcine, a kind of faggot made of branches 
tied in two Dr more places of about 6 or 8 
inches diameter. 

They ferve to keep up the earth in trenches 
as likewife in batteries, inftead of (lone or 
brick walls. 

When they are ufed in railing batteries, 
they are generally 16 feet long; and are 
then called Saudjfons. 

FiniJ}e~br{^, is a low rampart going quite 
round the body of the place j their height is 
about 3 feet at moft above the level ground; 
and its parapet is about 4 or ^ toifcs diflancc 
from that of the body of the place. 

Thefe works have been entirely rejefled by 
the modern engineers, excepting M. f^auian^ 
who makes them only before the curtaina 
and then they are called tenailles. 

Fiankt in general, is a part of a work 
which defends another work along the out-J 
fide of its parapet. 

Flank of the bajlioti, is the part betweeJ 
the face and curtain; the flank of one baftia 
ferves to defend the ditch before the curtail^ 
and face of the oppofite baftion. 

Flank (concave) is that which is made ill 
an arc of a circle. 
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Flank, (retired) is that which is made be- 
hind the line, which joins the extremity of 
the face and the curtain, towards the capital 
of the baftion. M. Vauban makes his 5 
toifes from that linej others more or lefi, as 
it happens, 

Flankingt is the fame thing in fortification 
as defending. 

(Flank (direift or grafing) is that which is 
perpendicular to the oppofite face produced ; 
and oblique or fifliant, when it makes an 
acute angle with that face. 
' Flank (fecond) when the face of a baftion 
produced, does not meet the curtain at its ex- 
tremity, but in feme other point ; then that 
part of the curtain between that point and 
the flank, is called fecond flank. The mo- 
dern engineers have rejeded this way of forti- 
fying. 

Fort^ is a fraall fortification, made in a 
pafs, near a river, or at fome diftauce from 
a fortified town j to guard the pafs, or to 
prevent the approach of £hips, or an enemy 
by land. 

Fortification t is a general name for any 
work made to oppofe a fmall number of 
troops againft a greater. 

Fourneau, is the place of a tnjne, where 
the powder is lodged, and is the fame thing 
as the chamber ot i mine, Fougafs^ 
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Fougafs^ is a fmall mine, from 6 to 8 feet 
under ground ; they are generally placed 
under the glacis or dry ditches. 

Fraife, a kind of ftakes oi' palifadcs placed 
horizontally on the outward lloj.t of a ram- 
part made cf lurf, to prevent the work being 
taken by furprife. 

When an army retrenches itfelf, they often 
fraife the parapets of their retrenchments in 
the parts mart ex.pofed to being attacked. 

Fi/fee, is the piece of wood drove into gre- 
nades or fhells, being hollow, and filled with 
meakd powder, by which the grenade or 
Ihell is fired. 



Gabion, is a cylindric baflcet open at both 
ends, of about 3 feet wide, and as much in 
height, they ferve in fieges to carry on the 
approaches under cover, when they comf 
pretty near the fortification. 

Gabion, (ftuft) is made in the fame itian- 
ner as the ^Hrmer, they are only filled with 
all forts ^SllAlllj^ atid fmall wood, and are 
■»e to roll before the 
, to cover them in 



Galkry^ 
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Gallery^ is the paflage made under ground 
leading to the mines ; they are from 4r to 
5 feet high, and about 4 feet broad; the 
earth above is fupported by wooden frames 
with boards over them. 

Garrijon^ a body of troops compofed of 
horfe and foot> placed in a fortification to 
guard it in time of peace, and to defend it 
in time of war in cafe an enemy fliould 
attack It. 

Glacis y is that part of a fortification be- 
yond the covert-way, to which it ferves as 
a parapet, and terminates towards the field in 
an eafy flope at about 20 toifes diflance. 

" Gorge^ of a baftion, is the interval between 
the extremity of one flank to thatof the other. 

Gorge J of any work, is that part next to 
the body of the place, where there is no 
rampart or parapet ; that is, at the counter- 
fcarp of the ditch. 

Grenade y is an iron ball of about 3 inches 
diameter hollow within ; which is filled with 
powder, to be thrown by the grenadiers 
amongft the enemy in an attack, after having 
fet fire to the fufee, that it may burlt. 



H. 



Hornwork, is compofed of a front and 

Qjj. two 
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two branches ; the front is made into two 
half baftions and a curtain ; this work is of 
the nature of a crown-work, only fmaUer, 
and ferves for the fame purpofcs. 

Half- moon; fee Demi-lune. 

Hurtort is a piece of timber about 6 in- 
ches fquare, placed before the wheels of a 
carriage, againfl: the parapet of a battery, to 
prevent the wheels from doing damage to 
the parapets, 



I. 



Infult, a work is faid to be infulted 
when It is attacked fuddenly and openly. 
■ Invcjiing a place, is to furround it with 
troops, fo as to prevent any thing to entei 
the place, or to be carried out of it: it is 
the iirfl: operation of a fiegc. 

Inuricr Jide of a fortijicatidny is the ima- 



ginary 



line dr;: 



1 from the center of one ba 



llicn to that of the next, or rather the cur* 
tain produced to the center of the baftions. 

L. 

Line of defence, is the dlftance between 
the faliant angle of the baftion, and th( 
oppofite fiank ; that is, it is the face pro- 
duced to the flank. 

Lim 
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Line of circumvallation^ is the work or re- 
trenchment made about an army which be- 
fieges a place, to fecure itagainft any infult trom 
without; it is made of a parapet with a ditch 
before it, and at every 120 toifes, or there- 
about, the parapet projedis outwards in an an- 
gle; this projeftion is called a Redan^ andferves 
to flank or defend the other parts. 

Line of countervallution, is the work made 
by an army which befieges a place between 
their camp and the town, to cover it againfl: 
any enterprife of the garrifon ; it is made 
much after the fame manner as the line of 
circum valla tion, only in a contrary difpofi- 
tion. 

Line, is alfo the name of the works made 
by an army from one town or flrong port to 
another, behind which it is encamped, to 
guard a part of the country. 

Line of counter -approach^ is a kind of trencK 
made by the garrifon when befieged, going 
from the covert-way in a right line, fo as part 
of the enemy's approaches may be enfiladed 
from thence. 

Lodgment y is the wrork made by the be- 
iiegers in fome parts of a fortification, after 
the beliegers have been drove out, to main- 
tain it. 

Loop- 
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Loop-holes J are fquarc or oblong holes 
made in the wall, to fire through with 
muikets. 

Lunettes^ are works made on both fides 
of a ravelin ; one of their faces is perpendi- 
cular to half or two thirds of the faces d[ 
the ravelin, and the other nearly fo to thofe of 
the baftions. 

Lunettes, are alfo works made beyond the 
fecond ditch, oppofite to the places of arms ; 

they differ from the ravelins pply in their fi- 

tuation. 



M. 



Mantlet, is a kind of moving parapjet 
made of ftrong planks, about 4 feet long 
and 3 high, moiyited upon two wheels, 
with a long pole fixed to it; they ferve to 
cover the fappers in the front againft mufket- 
Ihot, 

Mine, is a kind of lodgment made under 
ground to place powder in it, which is fet 
on fire, in order to blow uo the works above 
it ; the difference between mines and coun- 
termines is, that the firll are made by the be- 
iicgcrs, and the latter by the befieged. 
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OStdgoTiy is an eight- fided jfigure of forti- 
fication. 

Ondecagon^ an eleven-tided one. 

Orilhus is a part of the bafl Son near the 
flioulder, which feryes to covei: the retired 
flank fronri being fecn oMiqu^:iy. 

Orguesj rnnriy ha^quebulfes Unked together^ 
or divers mufket-barrelsf laid in a row, fo that 
they may be difcharged either all at once or 
fcparately j alfo l(Ong and thick pieces of wood 
with iron plates at the end, hung over a gate, 
tp flop it up inftgad of a port-cuUice. 



P. 



Palifadesj are a kind of ftakes made of 
ftrong fpht wood of about 9 feet long, fixed 
3 feet deep in the ground in rows about 6 
inches afunder; they are placed in the co- 
vert-way at 3 feet from, and parallel to the 
parapet or ridge of the glacis, to fecure it 
from being furprifed. 

Pnrapety \% a part of the rampart of a 
work, of 18 or 20 feet broad, and raifed 
6 or 7 feet above the reft of the rampart; it 
ferves to cover the troops, placed there to 
defend the wprk, againft the fire of the 
enemy, Parallels^ 
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Paralklsy or places of arms, are deep 
treiiehes 15 or 18 feet wide, ioining the fe- 
veral attacks together ; they ferve to place the 
guard of the trenches in, to be at hand 
to fupport the workmen when attacked 
There are generally three in an attack; th(| 
firft JE about 300 toifcs from the covert-wayi 
the fecond 190, and the third near or 
the glacis. They were firil invented or ufc< 
by M. Vauban. 

Retard, is a kind of a brafs pot fix 
upon a ftrong fquare plank, which has 
iron hook to fix it againft a gate or palifades 
this pot is filled with powder, which whei 
fired, breaks every thing about it, and there- 
by makes an opening for an enemy to entes 
the place. 

Port-cullice, is a falling gate or door lik 
a harrow, hung over'the gates of fortifie( 
places, and let down to keep out thi 
enemy. 

Place, is comonly ufed in fortificatloq 
inflead of a fortified town. 

Place of arms, of the covert-way, is 
part of it, oppofite to the re-entring angle 
of the counterfcarp, projedting outwards 
an angle. 

Places of arms, in an attack^ fee Paralleh 
Plati 
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Plat-form, is a floor made of ftrong planks, 
laid upon joifts, on a battery, to place the 
guns or mortars upon, in order to prevent 
^e wheels or mortar-bed from finking In the 
ground. 

R. 

Rampart, is an elevation of earth raifed 
along the faces of any work, of lo or 15 
feet high, to cover the inner part of that 
work againfl the fire of an enemy. 

Rams-barns, are a kind of low work made 
in the ditch of a circular arc; they were 
invented by M. Belidor, and ferve inftead of 
tenailles. 

Re-entring angle, is that which turns its 
point towards the center of the place. 

Ravelin. See Demi-lune. 

Redans. See Line of circumvallation. 

Redoubt, is a kind of work placed bevond 
the glacis, of various forms. 

Redoubt, is alfo the name of a fmaU work 
made in a ravelin, of the fame form. 

Redoubt, is Ukewife a fquarc work without 
any baftions, placed at fome diftance from 
a fortification, to guard a pafs, or to prevent 
an enemy from approaching that way. 

Revets- 



L 
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Revetement, is a flrong wall built on the 
outfide of the rampart and parapet, tti fup- 
port the earth, and prevent its rolling into 
the ditch. 

Ricochet^ when guns are loaded with fmall 
charges, and are elevated from 10 to 12 de- 
grees, fo as to fire over the parapet, and the 
fhot rolls along the oppofite rampart, it is 
called ricochet firing; and the batteries are 
likewife called ricochet batteries* 



S* 



Salfyy IS when "a party of a garrifbn goes 
out privately, and fells fuddenly on the be- 
fiegers in their trenches, endeavouring to 
drive them out and deftroy their works. 

Saliant angle^ is that whofe point turns 
from the center of the place. 

Scco?id ditch^ is that which is made on 
the outfide of the glacis, when the ground 
is low, and water to be had. 

Second covert-way^ is that which is made 
beyond the fecond ditch. 

Scipy is a trench or an approach made 
under cover of 10 or 12 feet broad, wheii 

r 

the befiegers come near the place, and their 
fire grows fo dangerous, -as not to be ap- 
proached uncovered. 

2 Sati-^ 
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Sauciffhrif is a long pipe or bag, made of 
cloth or leather, of about an inch and a half 
diameter, filled with powder, going from the 
chamber of a mine to the entrance of the gal- 
lery; it ferves to give fire to the m^ine. 

Saucijforif is likewife a fafcine much longer 
than the common ones; they ferve to raife 
batteries, and to repair breaches. 

Siege f is when an army approaches a forti- 
fied place, and furrounds it on all fides, en- 
deavouring to oblige the garrifon to furrender, 
either by deftroying the works of the forti- 
fication, or thofe which defend them, ■ 



T. 



Talud^ or flope, is made to the works^f a 
fortification, both on the outfide and infide 
to prevent the earth from rolling down. 

Traverfe, is a parapet made crofs the 
covert-way, oppofite to the faliant angles of 
the works, and near the places of arms, to 
prevent enfilades; they are 18 feet thick, 
and as high as the ridge of the glacis. There 
are alfo traverfes made in the caponiers, but 
then they are called tambours. 

Traverfes^ are likewife made within other 
works, when there are any hills or rifing 
grounds, which may fee the infide of thefe 
works. ^enailles^ 



